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THE  PREVENTION  OF  SIMPLE  GOITER  IN  MAN* 

A  Survey      the  Incidence  and  Types  of  Thyroid  Eni^argements  in  the 
Schoolgirls  of  Akron  (Ohio),  from  the  5th  to  the  12th  Grades, 
Inclusive— The  Plan  of  Prevention  "Proposed. 


By  DaVid  Marine,  M.D.,  and  O.  P.  Kimball,  B.S.,  Cleveland,  Ohio. 


SIMPLE  goiter  in  animals  is  probably  the  easiest  of  all  known  diseases  to 
prevent.  Simple  goiter  includes  all  the  thyroid  enlargements  seen  in  the 
lower  animals  and  those  thyroid  enlargements  seen  in  man,  except  cases  properly 
classified  as  exophthalmic  goiter.  Many  cases  with  simple  goiter  later  develop 
exophthalmic  goiter.  In  brief,  simple  goiter  includes  all  those  thyroid  enlarge- 
ments formerly  classified  as  endemic,  epidemic  and  sporadic.  The  periods  when 
it  most  frequently  develops  are  (1)  fetal, _(2)  adolescent,  and  (3)  during  preg- 
nancy. Anatomically  a  wide  range  of  changes  may  be  present,  depending  on  the 
species  of  animal  and  on  the  stage  (duration)  of  the  disease.  In  man  and  fowls 
one  more  commonly  sees  the  form  characterized  by  an  abundance  of  colloid  ma- 
terial— the  so-called  "cystic  or  colloid  goiter"  of  older  writers,  while  in  goiter 
of  dogs,  sheep,  cattle,  pigs,  fish,  etc.,  the  accumulation  of  colloid  material  is  seen 
only  in  the  late,  regressive  or  quiescent  stages.  Again  in  man  the  adenomatous 
form  is  veiy  common  and  is  exceedingly  rare  if  present  at  all  in  the  lower 
animals. 

It  will  not  be  possible  to  review  all  the  experimental  data  on  which  the 
assertion,  that  simple  goiter  in  animals  is  an  easily  preventable  disease,  is  based. 
Certain  of  the  more  important  facts  bearing  on  the  subject  will  be  summarized 
as  an  introduction  to  the  discussion  of  the  means  proposed  to  attempt  the  pre- 
vention of  simple  goiter  in  man. 

1.  The  developmental  stage  of  all  goiters  is  characterized  by  an  increased 
blood  flow,  an  increase  in  the  size  and  number  of  epithelial  cells,  a  decrease  in  the 
stainable  colloid  of  the  follicular  spaces  and  a  marked  absolute  decrease  in  the 
iodine  content.   The  decrease  in  iodine  precedes  the  cellular  changes. 

2.  Similar  thyroid  changes  (compensatory  hyperplasia)  invariably  occur  in 
the  remaining  portion  of  the  gland  when  a  sufficient  portion  of  the  entire  gland 
is  removed.  The  amount  of  gland  it  is  necessary  to  remove  in  order  to  cause  com- 
pensatory hyperplasia  varies  somewhat  with  the  species  of  animal,  definitely  with 
the  age,  the  diet,  and  the  presence  of  iodine. 

3.  The  administration  of  exceedingly  small  amounts  of  any  salt  of  iodine 
thus  far  tried  in  any  manner  completely  protects  the  remaining  thyroid  against 
compensatory  hyperplasia,  even  after  the  removal  of  three-fourths  of  the  normal 
gland  in  cats,  dogs,  rabbits  and  rats,  fowls  and  pigeons.  Halsted^  and  Hunnicutt^ 
reported  a  series  of  partial  thyroidectomies  in  dogs  in  which  they  failed  to  ob- 
tain the  hypertrophy  or  hyperplasia  of  the  remaining  portion  and,  therefore. 
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eluded  that  Halsted's  earlier  and  justly  classic  experiments^^  on  the  production 
of  compensatory  hyperplasia  by  partial  removal  were  not  due  to  thyroid  removal, 
but  to  something  else,  possibly  infection.  Their  failure  to  obtain  compensatory 
hyperplasia  in  the  second  series  was  really  due  to  the  presence  of  available  iodine 
either  from  the  absorption  of  iodine  painted  on  the  skin  or  from  contact  with 
other  dogs,  or  from  inhalation  of  volatilized  iodine  from  other  dogs  carrying 
iodine,  or  from  other  sources  in  the  rooms. 

4.  If  most  of  the  thyroid  gland  is  removed  before  or  in  the  early  stages  of 
pregnancy  and  rigid  steps  are  taken  to  exclude  available  iodine,  the  pups  at 
birth  will  have  enlarged  thyroids,  as  first  shown  by  Halsted,^  while  if  available 
iodine  is  present,  the  pups  will  have  normal  thyroids.* 

5.  We  have  repeatedly  found  that  a  milligram  of  iodine  given  at  weekly 
intervals  is  sufficient  to  prevent  thyroid  enlargement,  although  other  pups  of  the 
same  litter,  living  in  the  same  kennel,  and  eating  the  same  food,  regularly  de- 
veloped goiter. 

6.  The  thyroid  gland  has  an  extraordinary  affinity  for  iodine,  as  can  readily 
be  shown  by  perfusion  experiments  in- vitro  or  by  injecting  small  amounts — 5  to 
20  mg.  KI.^ — into  the  circulation.^'  Experimentally  then  the  proof  is  suffi- 
ciently complete  to  demonstrate  the  underlying  principles  of  goiter  prevention 
in  animals  and  the  ease  with  which  they  can  be  applied.  From  the  practical 
standpoint,  the  first  instance  of  preventing  goiter  on  a  large  sca4e  was  accidental 
and  in  connection  with  the  sheep  raising  industry  of  Michigan.  Prior  to  the 
discovery  of  salt  deposits  around  the  Great  Lakes,  the  future  of  the  industry 
seemed  hopeless,  but  with  the  development  of  the  salt  industry  and  its  use  by 
the  sheep  growers,  goiter  rapidly  decreased.  The  salt  contains  appreciable  quan- 
tities of  both  bromine  and  iodine  and  in  places  these  elements  are  extracted  on  a 
commercial  scale.  The  second  instance  of  goiter  prevention  on  a  largo  scale 
was  in  brook  trout.  Some  years  ago  the  development  of  goiter  in  artificially 
raised  members  of  the  salmon  family  became  alarming  and  many  plants  were 
abandoned  on  account  of  the  disease.  After  considerable  work,  which  led  to 
the  conclusion  that  the  disease  was  simple  goiter,  we  were  able  to  completely 
prevent  the  disease  in  several  hatcheries,  by  the  use  of  very  small  amounts  of 
tincture  of  iodine  added  to  the  water.^'  Later  the  attempt  was  made  to  substitute 
whole  sea  fish  for  part  or  all  of  the  diet,  which,  likewise,  proved  to  be,  from 
the  practical  point  of  view,  a  cheaper  and  simpler  method  of  complete  preven- 
♦jon.s  Similar  preventive  work  with  farm  stock  is  being  carried  out  under  our 
direction  in  some  of  the  valleys  of  British  Columbia,  where  goiter  was  so  preva- 
lent that  farmers  were  unable  to  raise  hogs,  cattle,  horses,  and  chickens  on  ac- 
count of  myxedema  (cretinism).  Similar  work  in  the  prevention  of  goiter  in 
hogs  was  recently  reported  by  Smith.°  He  was  able  to  completely  prevent  fetal 
myxedema  by  the  use  of  potassium  iodide  to  the  mother  during  pregnancy.  He, 
however,  used  quantities  far  in  excess  of  those  necessary  to  prevent  goiter  and 
myxedema.  In  spite  of  this  knowledge  of  the  ease  and  simplicity  of  goiter  pie- 
vention  in  the  lower  animals,  we  know  of  no  instance  where  the  attempt  has 
been  made  to  systematically  prevent  or  control  the  disease  m  children  in  large 
communities,  especially  those  of  the  Great  Lakes  Basin,  where  goiter  is  so 
prevalent.  Locally,  we  have  been  carrying  out  preventive  treatment  for  the  pas 
six  years  at  the  Lakeside  Hospital  Medical  Dispensary  and  have  urged  local 
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physicians  to  do  so  in  their  private  practices.  A  great  deal  has  been  accom- 
pHshed  in  this  way,  but  as  it  is  a  public  health  matter  the  most  practical  and 
economic  method  would  be  to  utilize  the  Public  School  System  and  the  Board 
of  Health.  When  the  Medical  Inspection  of  Schools  is  more  or  less  independent 
of  the  Board  of  Health,  it  would  be  carried  out  through  the  Medical  Director 
of  Schools.  This  year  it  has  been  possible  to  begin  such  work  on  a  large  scale 
in  the  city  of  Akron,  through  the  cooperation  of  the  Superintendent  of  Schools, 
the  Board  of  Education,  and  the  County  Medical  Society. 

If  was  decided  for  the  present  to  limit  the  prophylactic  work  to  the  girl 
pupils,  since  adolescence  is  the  most  important  goiter  developing  period  and  since 
at  this  period  it  occurs  about  six  times  more  frequently  in  girls  than  in  boys. 

The  plan  now  in  operation  was  arranged  from  the  standpoint  of  simplicity, 
practicability,  economy,  and  the  possible  scientific  value  of  the  data  obtained. 
Changes  will  doubtless  be  made  as  the  work  progresses.  First  a  census  of  the 
condition  of  the  thyroid  gland  was  taken  of  all  girls  between  the  5th  and  12th 
grades  inclusive  and  the  findings  recorded  on  individual  cards,  of  which  the 
following  is  a  copy : 


No. 

Date 

Name 

School 

Age  Weight 

Physical  Development 

Grade 

Class  Standing 

Tonsils- Adenoids 

Thyroid 

1 

Simple 

2 

Adenomas 

3 

Thyroid-tract 

4 

Duration 

Remarks 

The  thyroid  examinations  of  all  pupils  were  made  by  a  single  examiner  in 
order  to  make  the  standards  used  constant  and  the  data  obtained  uniform.  It 
is  planned  to  take  the  census  each  year  in  the  same  way. 

For  the  prophylactic  treatment  we  have  selected  sodium  iodide  on  the 
grounds  of  economy  and  ease  of  administration.  Regarding  the  amounts  that 
should  be  given,  we  have  no  data  except  those  from  animal  experimentation.  As 
has  been  pointed  out  repeatedly,  exceedingly  small  amounts  of  iodine  are  needed. 
One  milligram  of  iodine  given  weekly,  by  mouth,  is  ample  to  prevent  goiter  in 
dogs.  In  all  our  dispensary  experiments  with  children  we  have  used  either 
syrup  of  hydriodic  acid  or  syrup  of  ferrous  iodide,  in  1  c.c.  doses,  daily  for  two 
to  three  weeks,  repeated  twice  yeariy,  and  have  recommended  their  use  to 
chnicians  solely  because  they  were  the  only  U.  S.  P.  preparations  sufficiently 
dilute  to  offset  the  tendency  to  use  too  large  amounts. 

We  have,  therefore,  arbitrarily  selected  to  use  2  gm.  sodium  iodide,  given 
m  0.2  gm.  doses  each  school  day,  for  each  pupil  in  the  5th,  6th,  7th.  and  8th 

!u   nV         ^  ^"  ^-"^         ^"'^^  ^^^'^  day  ^or  each  pupil  in 

the  9th  10th.  11th,  and  12th  grades.   These  amounts  will  be  given  twice  annually 
about  the  first  of  May  and  December,  at  the  schools  by  the  teachers  or  nurses 
Bottles  were  distributed  to  the  several  schools,  containing  the  solutions  (0  2  gm' 
Nal  in  5  c.c.  H,0  and  0.4  gm.  in  5  c.c.  H,0)  in  sufficient  amounts  to  give  each 


pupil  electing  to  take  the  prophylactic  treatment  a  total  of  50  c.c.  A  record  was 
made  both  of  those  who  took  the  treatment  and  of  those  who  did  not  All 
pupils  will  be  examined  annually  and  the  thyroid  conditions  recorded  These 
amounts  of  sodium  iodide  provide  approximately  1700  (1692)  mg  of  iodine  for 
each  pupil  of  the  5th,  6th,  7th,  and  8th  grades  and  approximately  3400  (3384) 
mg.  for  the  9th,  10th.  11th,  and  12th  grades.  When  one  recalls  that  25  to  30 
mg.  saturates  the  normal  thyroid  of  20  to  25  gm.  and  that  the  thyroid  has  an 
extraordinary  affinity  for  iodine,  it  seems  like  a  prodigious  waste  and  we  be- 
lieve it  is.  The  amounts  used  at  the  start  were  purposely  made  excessive  to 
provide  for  any  unknown  factors  and  will  probably  be  materially  reduced. 

Analysis  of  the  Thyroid  Examinations.— Three  thousand  eight  hundred  and 
seventy-two  girls  of  the  5th,  6th,  7th,  8th,  9th,  10th,  11th  and  12th  grades  were 
examined  and  the  general  result  is  given  in  the  following  tabulation. 


Tabi,e  I. 
Condition  of  Thyroid  Gland. 


SLIGHT 

MODERATE 

MARKED 

THYROID- 

normal 

ENLARGE- 

ENLARGE- 

ENLARGE- 

ADENOMAS 

TRACT 

MENT 

MENT 

MENT 

(persistent) 

Total 

1688 

1931 

246 

7 

39 

594 

Per  cent 

43.59 

49.88 

6.35 

0.18 

1.01 

13.4 

The  thyroid  glands  were  examined  from  the  standpoint  of  normals,  slight, 
moderate,  and  marked  enlargements,  adenomas,  persistent  thyroglossal  tracts 
and  the  pupils  for  gross  manifestations  of  myxedema,  and  exophthalmic  goiter. 
No  obvious  case  of  either  myxedema  or  exophthalmic  goiter  was  found. 

Under  normal  we  have  included  all  glands  (a)  which  are  not  visible  as  a 
bulging  of  the  skin  across  the  trachea  (b)  having  a  barely  detectable  band  of 
thyroid  tissue  across  the  trachea  on  palpation  and  (c)  absence  of  well-defined 
thyroglossal  stalk  (so-called  pyramidal  process). 

Those  cases  with  enlarged  thyroids  have  been  divided  into  three  arbitrary 
groups  (1)  slight,  (2)  moderate  and  (3)  marked  enlargement.  Under  slight 
enlargement  we  have  grouped  those  cases  with  (a)  visible  bulging  of  the  skin 
over  the  thyroid  isthmus  (except  in  the  very  stout  children)  and  (b)  a  widened 
and  thickened  isthmial  band  or  mass  on  palpation.  If  the  isthmus  can  not  b€ 
seen  or  felt,  it  can  be  felt  by  having  the  child  swallow,  while  the  finger  or  thumb 
is  held  against  the  trachea  just  below  the  cricoid  cartilage. 

Under  moderate  enlargement  we  have  grouped  those  with  gross  deformity 
— bulging  of  the  neck  laterally  from  the  enlarged  lobes  and  marked  bulging  of 
the  skin  anteriorly  from  the  enlarged  isthmus.  In  approximately  93  per  cent 
the  right  lobe  was  larger  than  the  left,  which  is  about  the  usual  percentage. 

Under  marked  enlargement  we  have  grouped  those  cases  with  excessive  de- 
formity. One  thousand  six  hundred  and  eighty-eight,  or  43.59  per  cent,  of  all  pu- 
pils examined  were  classed  as  normal;  1931,  or  49.88  per  cent,  were  clas.sed  as 
slightly  enlarged ;  246,  or  6.35  per  cent,  were  classed  as  moderately  enlarged  (none 
of  which  had  been  operated  upon")  ;  7,  or  0.18  per  cent,  were  classed  as  markedly 
enlarged,  of  which  two  had  been  operated  upon.    This  gives  as  totals  2184,  or 


56.41  per  cent  with  enlarged  thyroids  and  1688,  or  43.59  per  cent,  with  normal 
thyroids.  In  39  cases,  or  1.01  per  cent,  adenomas,  single  or  multiple,  were  de- 
tected. The  smallest  was  approximately  2  cm.  in  diameter  and  the  largest  about 
6  cm.  These  figures  are  of  little  value,  since  they  include  only  the  large  super- 
ficial and  favorably  located  ones. 

The  thyroglossal  tract  when  present  is  very  readily  detected,  either  slightly 
to  the  right  or  left  of,  and  rarely  in,  the  midline.    Only  those  which  extended 
to  the  base  of  the  thyroid  cartilage  were  included.    In  many  it  was  palpable  to 
the  hyoid  bone.    The  very  small  pyramidal  processes  ending  below  the  cricoid 
cartilage  were  not  included.    Five  hundred  ninety-four,  or  13.4  per  cent,  of  the 
cases  had  well-defined  thyroid  stalks.    Physiologically  the  presence  of  thyroid 
tissue  in  the  line  of  descent  of  the  embryologic  thyroid  anlage  indicates  that  the 
gland  had  undergone  enlargement  in  intrauterine  life,  whereas  .normally  the 
tract  undergoes  absorption  beginning  according  to  His^"  in  the  second  month. 
The  presence  of  large  amounts  of  thyroid  tissue  about  the  foramen  cecum — the 
so-called  lingual  thyroid — or  of  large  masses  between  the  hyoid  bone  and  thyroid 
cartilage — so-called  infrahyoid  thyroids — are  of  the  same  significance.  Exclud- 
ing the  rare  congenital  defects  in  the  thyroid  anlage,  the  amount  of  thyroid  tissue 
in  the  line  of  descent  of  the  thyroid  gland  may  be  used  to  determine  the  degree 
of  normality  of  the  thyroid  gland  in  intrauterine  life  and  as  first  pointed  out  by 
Streckeisen"  it  is  an  excellent  index  for  determining  the  extent  and  degree  to 
which  a  given  district  is  afifected  with  simple  goiter.    At  Basel  he  found  about 
79  per  cent  of  the'^cases  coming  to  postmortem  examination  had  persistent  thyro- 
glossal stalks.    If  the  district  is  extremely  goitrous  and  the  mothers  are  not 
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fed  iodine  during  pregnancy,  practically  all  children  should' have  large  persistent 
thyroglossal  tracts.  If  the  district  is  nongoitrous  (e.g.,  sea  coast  regions)  very 
few  children  will  have  persistent  thyroglossal  tracts. 

Following  the  analysis  further,  the  condition  of  the  thyroid  in  relation  to 
grades  is  shown  in  Table  II  and  the  accompanying  curve  chart  (see  Fig.  1)  ; 
and  in  relation  to  age,  in  Table  III  and  accompanying  curve  chart  (see  Fig.  2). 

Table  11. 


Condition  op  Thyroid  Arranged  by  Grades. 


Grades 

5 

!  6 

1  7 

8 

9  ! 

10  1 

11 

12 

0.  of 
lases 

9i 

0.  of 

ases 

% 

0.  of 
ases 

% 

0.  of 

ases 

% 

0.  of 
ases 

% 

0.  of 

ases 

% 

o 

d 

% 

O  "> 

.3  " 

% 

Normal 

410 

51777" 

354 

45.90 

269140.0 

206 

40.47 

191 

42.92 

124 

40.00 

76 

36.02 

58 

36.02 

Slightly 

350 

EnlarRed 

44.20 

388 

50.33 

360153.49 

271 

53.24 

215 

48.31 

155 

112 

53.08 

80 

49.70 

Moderately 

50.00  ^ 

Enlarged 

31 

3.90 

29 

3.76 

43 

6.39 

31 

6.09 

38 

8.54 

30 

9.68 

23 

10.90 

21 

13.04 

Markedly 

Enlarged 

1 

0.13 

1 

0.14 

1 

0.20 

1 

0.23 

1 

0.32 

2 

1.24 

Totals 

792 

20.45* 

771 

19.91 

673117.38 

509113.15 

445111.5 

310 

8.0 

211 

5.45 

161 

4.16 

Adeno- 

1 

1 

mas** 

3 

0.13 

3 

0.13 

7 

0.32 

61  0.28 

81  0.36 

61  0.28 

5 

0.22 

11  0.04 

'Percentage  of  total  pupils  examined  3872. 

*Adenoma-  percentage  figured  from  the  total  enlarged  thyroids  2184. 


Table  III. 

Condition  oe  Thyroid  Arranged  According  to  Ages. 


Age 

10-12 

12-14 

14-16 

16-18 

18-20 

No.  of 

No.  of 

No.  of 

No.  of 

No.  of 

% 

Cases 

% 

Cases 

% 

Cases 

% 

Cases 

% 

Cases 

Normal 

530 

56.08 

521 

41.32 

460 

40.35 

156 

34.44 

21 

28.77 

Slightly 

60.27 

Enlarged 

394 

41.69 

680 

53.92 

578 

50.70 

235 

51.88 

44 

Moderately 

13.24 

8 

10.96 

Enlarged 

21 

2.22 

59 

4.68 

98 

8.6 

60 

Markedly 

0.44 

Enlarged 

1 

0.08 

4 

0.35 

2 

Totals 

945 

24.41* 

1261 

32.56 

1140 

29.44 

453 

11.70 

73 

1.89 

Adenomas 

2 

0.01** 

11 

0.52 

18 

0.84 

8 

0.39 

•Percentage  of  total  pupils. 
'•Percentage  of  total  enlarged  thyroids. 

The  most  rapid  increase  in  the  number  of  slight  enlargements  occurs  be- 
tween the  5th  and  8th  grades.  This  corresponds  very  closely  with  the  rapid 
increase,  between  the  10th  and  14th  years.  The  average  age  of  the  5th  grade 
pupils  was  10  years.  Less  than  2  per  cent  of  the  5th  grade  were  under  10  years 
and  they  were  tabulated  in  the  10  to  12  age  group. 

The  age  group  18  to  20  contains  less  than  2  per  cent  of  the  total  pupils,  and 
while  tabulated  for  the  sake  of  completeness,  the  percentages  are  doubtless 
higher  than  the  normal  average  for  this  age  and  properly  belong  to  a  special 
group  with  lower  mental  activity.  The  relation  of  thyroid  enlargement  to  re- 
tarded mental  development  is  an  important  subject,  but  our  available  data  do 
not  permit  of  further  discussion  at  present. 
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DISCUSSION 


The  most  valuable  and  accurate  data  of  the  incidence  of  goiter  in  America 
can  be  obtained  from  examinations  of  the  public  school  population,  because,  in 
the  first  place  it  covers  the  most  important  ages  when  goiter  develops ;  secondly, 
it  gives  the  most  complete  census;  and  thirdly,  no  additional  expense  or  addi- 
tional effort  is  necessary.  Up  to  the  present  time  no  organized  and  systematic 
effort  has  been  made  in  this  country  to  study  the  incidence  of  goiter  in  the 
school  populations  of  large  communities,  even  in  the  Great  Lakes  Basin — the 
largest  and  most  densely  populated  of  all  goiter  districts  of  North  America. 

The  report  by  HalF^  of  the  examination  of  3339  students  at  the  University 
of  Washington  is  the  most  extensive  available  in  American  literature.  Of  the 
2086  men  with  the  average  age  of  20  years  and  5  months,  he  found  374,  or  17.93 
per  cent,  with  enlarged  thyroids;  272,  or  13.03  per  cent,  classed  as  perceptible;  92, 
or  4.43  per  cent,  classed  as  medium ;  and  10,  or  0.48  per  cent,  classed  as  large.  Of 
the  1253  women,  with  the  average  age  of  19  years  and  3  months,  he  found  388, 
or  30.98  per  cent,  with  enlarged  thyroids;  294,  or  23.45  per  cent,  classified  as 
perceptible;  85,  or  6.79  per  cent,  classified  as  medium;  and  9,  or  0.7  per  cent, 
classified  as  large.  These  figures  demonstrate  clearly  the  prevalence  of  goiter 
in  the  northwestern  states.  The  group  is  too  selective  and  the  ages  too  ad- 
vanced to  give  an  average  incidence  percentage,  because  (a)  the  greatest  inci- 
dence occurs  during  puberty,  (b)  a  certain  percentage  of  enlargements  recede 
below  the  level  of  clinical  detectability  spontaneously  and  (c)  a  small  percentage 
would  have  receded  because  of  iodine  feeding. 

In  the  Great  Lakes  Basin,  Olsen"  reports  the  examination  of  606  women 
and  193  men,  presumably  between  the  ages  of  18  and  60,  at  Chicago.  Among 
the  women,  he  found  an  average  of  17.87  per  cent  affected  and  among  the  men 
6.72  per  cent.  The  figures  emphasize  the  frequency  of  thyroid  enlargements, 
though  they  are  very  much  lower  than  would  be  obtained  from  a  similar  num- 
ber of  examinations  during  the  school  age,  on  account  of  the  factors  of  spon- 
taneous or  induced  regression  of  the  thyroid  enlargements  and  of  migrations 
from  nongoitrous  districts,  which  his  figures  necessarily  include. 

In  Europe  the  .statistics  of  Schittenhelm  and  Weichardt"  deal  with  the  in- 
cidence of  goiter  in  the  school  populations  of  certain  districts  of  Bavaria,  where 
goiter  is  prevalent.  Using  very  liberal  standards,  they  report  incidences  as  high 
as  77  and  89  per  cent  of  the  school  population  affected. 

In  the  Vosges  mountains  of  eastern  France  and  Alsace,  MacAuliffe^^  has 
recently  reported  the  examination  of  2311  children  between  the  ages  of  2  and 
15  years.  He  found  288,  or  12.5  per  cent,  affected.  A  comparison  of  our  data 
with  the  data  cited  above  is  not  possible.  We  use  a  much  more  rigid  standard 
o  normal,  both  chnically  and  anatomically.  Anatomically,  the  strictly  normal 
gland  does  not  exceed  0.5  gm.  thyroid  per  kilo  of  body  weight,  though  many 
European  wnters,  especially  those  in  the  Alpine  goiter  districts,  allow  as  much 
as  1  0  gm.  per  kilo.  In  dogs,  the  normal  thyroid  gland  does  not  exceed  0  3  em 
per  kilo.  Chmcally,  in  tl.e  normal  gland  the  isthmus  can  barely  be  felt  but  the 
lateral  lobes  can  not  be  felt.  '  ^ 

The  question  of  the  production  of  exophthalmic  goiter  by  the  use  of  ind.n. 
-y  be  mentioned  briefly.    Some  Swiss  writers,  like  Oswald'o  take  ^he  ex^reml 
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view  that  iodine  should  never  be  used  in  goiter,  because  of  the  danger  of  pro- 
ducing exophthalmic  goiter.  Pineles"  and  Kocher^«  take  the  more  moderate 
ground  that  iodine  should  be  given  cautiously  to  neurotic  individuals  with  goiter. 
Our  experience  has  led  us  to  the  conclusion  that  the  risk  of  inducing  manifesta- 
tions of  exophthalmic  goiter  from  the  use  of  iodine  in  physiologic  doses  is 
exceedingly  small,  even  in  those  cases  with  large  hyperplastic  thyroids ;  i.  e.,  the 
kind  of  thyroid  enlargement  which  would  permit  of  the  most  rapid  formation 
and  excretion  of  the  iodine-containing  hormone.  The  extent  to  which  iodides 
are  used  in  general  medicine  and  surgery  and  the  rarity  of  the  development  of 
signs  of  exophthalmic  goiter  is  the  best  index  of  the  danger.  Iodine  is  usually 
employed  in  immensely  large  doses ;  0.2  to  0.4  gm.  Nal  daily  for  2  weeks  would 
offer  a  great  excess  over  the  amounts  necessary  to  saturate  even  the  largest  thy- 
roids and  probably  much  smaller  amounts  would  suffice  in  man,  as  it  has  been 
proved  to  do  in  the  lower  animals. 

While  the  danger  of  causing  symptoms  of  exophthalmic  goiter  probably 
varies  with  the  size  and  degree  of  active  hyperplasia,  all  authors  agree  that  the 
important  factor  in  determining  such  symptoms  lies  outside  the  thyroid,  either 
in  the  nervous  system,  or  some  gland  like  the  adrenal,  and  antedates  any  thyroid 
changes.  Klose^°  has  reported  the  production  of  exophthalmic  goiter  in  nervous 
fox  terrier  dogs,  by  the  injection  of  sodium  or  potassium  iodide  in  0.6  gm.  doses 
per  kilo.  Those  experiments  were  soon  discredited  by  the  work  of  Borden- 
hewer-".  No  one  else  has  suggested  any  danger  from  the  use  of  iodides  in  the 
case  of  nongoitrous  individuals,  except  the  well-known  acute  iodism,  which  af- 
fects a  small  percentage  of  people,  and,  so  far  as  known,  is  not  related  to  thy- 
roid activity.  Cases  with  definite  manifestations  of  exophthalmic  goiter  should 
not  be  given  iodine,  although  there  are  cases  (or  better,  stages)  of  the  disease 
which  are  distinctly  benefited  by  iodides. 

The  use  of  desiccated  thyroid  has  well-known  dangers  after  adolescence — 
mainly  because  of  the  large  doses  used.  Both  economically  and  practically,  it 
would  not  be  suitable  for  general  use,  as  a  prophylactic  agent. 


SUMMARY 


In  a  complete  census  of  the  condition  of  the  thyroid  gland  in  the  girls  from 
the  5th  to  12th  grades  of  the  school  population  of  a  large  community  in  the 
Great  Lakes  goiter  district,  it  was  found  that  1688,  or  43.59  per  cent  had  nor- 
mal thyroids;  2184,  or  56.41  per  cent,  had  enlarged  thyroids;  and  594,  or  13.4 
per  cent,  had  well-defined,  persistent  thyroglossal  stalks.  The  community  lies 
near  the  southern  edge  of  the  goiter  district  and  it  is  suggested  that  communities 
near  the  lakes  would  show  a  higher  incidence.  The  method  of  prophylaxis  pro- 
posed is  in  operation. 
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THE  TRANSPLANTATION  OF  SPLENIC  TISSUE  INl'O  THE 
SUBCUTANEOUS  FASCIA  OF  THE  ABDOMEN 

IN  RABBITS. 

By  0.  T.  MANLEY,  M.D.,  and  DAVID  MARINE,  M.D. 

{From  the  H.  K.  Gushing  Laboratory  of  Experimental  Medicine  of  Western 

Reserve  University,  Cleveland.) 

Plate  54. 

(Received  for  publication,  January  3,  1917.) 

The  reactions  of  certain  structures  of  the  spleen,  for  example  the 
pulp  cells  and  the  endothelium  of  the  sinuses,  to  many  varieties  of 
toxins  have  been  extensively  studied.  On  the  other  hand,  little  is 
known  of  the  nature  and  function  of  the  Malpighian  bodies.  While 
morphologically  they  resemble  lymphoid  tissue,  the  fact  that  this 
tissue  rarely  shows  the  reactions  seen  in  other  lymphoid  tissues  to 
bacterial  toxins  hke  typhoid,  streptococcus,  etc.,  may  be  of  signifi- 
cance. In  certain  states,  however,  as  in  lymphatism,  exophthalmic 
goiter,  etc.,  this  tissue,  hke  the  thymus,  shares  in  the  general  lymphoid 
hyperplasia.  Then  too,  its  arrangement  as  an  envelope  about  the 
arteries  is  not  duplicated  elsewhere  in  the  body.  The  question  of 
the  relative  importance  of  the  structures  in  regeneration  also  has 
received  httle  attention.  Are  the  Malpighian  bodies,  the  pulp 
cells,  and  the  sinuses  separate  tissues  with  separate  functions,  or  are 
they  more  interrelated  functionally  and  morphologically  than  their 
anatomical  appearances  indicate?  It  occurred  to  us  that  transplan- 
tation, if  this  was  possible,  would  throw  some  light  on  the  subject 
of  regeneration  and  possibly  on  the  relative  value  of  the  tissues  in 
this  reaction.  We  have  not  been  able  to  find  any  record  of  the 
transplantation  of  splenic  tissue  where  the  grafts  were  studied  from 
these  viewpoints  or  from  the  standpoints  of  the  growth  and  perma- 
nence of  the  grafts. 
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Many  experiments  of  dislocation,  often  misnamed  transplantation  have  been 
reported,  as  the  experiments  of  Hedon^  of  pulling  t  he  organ  through  an  abdom- 
inal wound  with  the  blood  supply  intact,  and  suturing  it  into  the  subcutaneous 
tissues.  Those  of  Ludke,^  of  introducing  bits  of  spleen  into  the  spleens  of 
alien  species  of  animals,  are  not  related  to  our  problem,  since  heterotransplan- 
tation in  mammals  has  never  succeeded.  The  blood  vessel  suture  experiments 
of  CarreP  also  have  no  bearing  on  the  questions  suggested  above. 

Brief  mention  of  our  first  observations  with  spleen  transplantation  was  made 
in  a  previous  paper.^  At  that  tune  only  negative  results  with  both  auto-  and 
homoiotransplantations  had  been  obtained. 

EXPERIMENTAL. 

We  now  wish  to  report  the  end-results  of  a  series  of  transplanta- 
tions made  more  than  a  year  ago.  Twelve  attempts  at  homoio- 
transplantation  and  six  attempts  at  autotransplantation  were  made 
on  fifteen  rabbits.  The  more  important  data  relating  to  each  experi- 
ment are  given  in  Table  I. 

Method. 

The  method  employed  is  the  same  as  that  used  by  us  in  the  trans- 
plantation of  ductless  gland  tissues,  and  consists  of  transferring  small 
sections  of  the  spleen  of  about  2  mm.  in  their  greatest  dimension 
under  strict  aseptic  precautions.  Alcohol  and  bichloride  of  mercury 
were  used  instead  of  iodine  for  skin  sterilization,  because  it  is  neces- 
sary to  control  the  intake  of  iodine  whenever  the  thyroid  may  be 
involved  directly  or  indirectly  in  the  experiment.  After  making  a 
transverse  abdominal  skin  incision  about  2  cm.  in  length,  the  sub- 
cutaneous fascia  is  Hfted  with  fine  forceps,  punctured  with  a  cataract 
knife,  the  tissue  introduced,  and  the  fascial  opening  closed  with  a 
black  silk  Kgature,  which  also  serves  to  mark  the  site  for  subsequent 
examinations. 

1  Hedon,  E.,  Transplantation  sous-cutanee  de  la  rate,  Compt.  rend.  Soc.  biol., 
1899,  vi,  560. 

^Liidke,  H.,  Ueber  Milztransplantationen,  Munch,  med.  Woch.,  1909,  Ivi, 
1469. 

3  Carrel,  A.,  Remote  Results  of  the  Reimplantation  of  Kidney  and  Spleen, 
/.  Exp.  Med.,  1910,  xii,  146. 

*  Manley,  O.  T.,  and  Marine,  D.,  Transplantation  of  Ductless  Glands  with 
Reference  to  Permanence  and  Fimction,  J.  Am.  Med.  Assn.,  1916,  Ixvii,  260. 
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The  spleen  was  completely  removed  at  the  time  of  transplantation 
in  the  group  of  autotransplants,  while  in  all  the  homoiotransplants 
it  was  removed  some  time  (from  112  to  24  days,  in  the  majority 
about  40  days)  before  transplantation.  This  is  probably  too 
long  a  time  interval  to  include  a  possible  advantage  to  the  transplant 
that  might  accrue  from  a  splenic  insufficiency,  since  Musser  and 
Kfumbhaar^  and  others^  have  shown  that  certain  animals  (dogs) 
usually  begin  to  recover  from  the  systemic  effect  of  splenectomy,  as 
indicated  by  the  erythrocyte  counts,  in  3  to  4  weeks. 

It  has  been  definitely  estabhshed  that  a  physiological  insufficiency 
markedly  influences  the  growth  of  autotransplants  of  the  ductless 
glands,  but  it  does  not  influence  to  any  extent  the  taking  of  the 
transplants.  Likewise  with  homoiotransplants  there  is  no  evidence 
that  an  induced  physiological  insufficiency  modifies  the  taking.  Sex 
also  does  not  influence  the  taking,  growth,  or  rate  of  destruction  of 
the  transplanted  tissue.  The  thyroid  was  removed  in  every  instance 
but  one  at  the  time  of,  or  shortly  before  transplantation  without  any 
influence  on  the  taking  or  growth  of  the  spleen  grafts.  Removal  of 
the  thyroid,  ovaries,  and  spleen  at  one  time,  with  immediate  auto- 
transplantation  in  one  animal,  was  without  effect. 

Homoiotrans  plantation. 

Direct  and  microscopic  examinations  were  made  in  three  cases 
on  the  14th,  15th,  and  17th  days,  while  in  the  remaining  ones  it  was 
delayed  for  2  or  more  months.  Only  in  one  instance,  the  14  day 
transplant,  was  there  definite  splenic  tissue  remaining,  and  in 
this  only  the  lymphoid  tissue  and  trabecule  could  be  recognized. 
The  one  outstanding  difference  between  the  spleen  and  other  tissue 
transplants  is  the  marked  early  connective  tissue  reaction  resemblincr 

O 

"  Musser,  J.  H.,  Jr.,  and  Krumbhaar,  E.  B.,  The  Relation  of  the  Spleen  to 
Blood  Destruction  and  Regeneration  and  to  Hemolytic  Jaundice.  VI.  The 
Bbod  Picture  at  Various  Periods  after  Splenectomy,  J.  Exp.  Med.,  1913,  xviii, 

« Sollberger,  H.,  Beitrage  zur  Physiologic  der  Driisen.    XIX.  Fortgesetzte 
Beitrage  zur  Lehre  von  der  Funktion  der  Milz  als  Organ  des  Eiweissstoffwech- 
sels.    Uber  die  Kompensationsvorgange  nach  Milzexstirpation,  Biochem  Z 
1913, Iv,  13.  ' 
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the  granulation  tissue  formation  seen  in  chronic  inflammation.  Infec- 
tion from  organisms  in  the  spleen,  however,  is  not  probable,  as  only- 
normal  spleens  from  rabbits  with  no  evidence  of  acute  infection  were 
used.  It  is  more  probable  that  the  splenic  tissue  when  transferred 
to  the  subcutaneous  fascia  is  an  active  irritant.  The  studies  of 
CarreP  on  the  effect  of  tissue  extracts  on  the  growth  of  connective 
tissue  in  vitro  are  of  interest  in  this  connection.  He  found  that 
adult  spleen  extracts,  thyroid  extracts,  and  the  Rous  chicken  sarcoma 
extract  markedly  accelerated  the  proKferation  of  connective  tissue. 
Our  observations  on  the  irritant  effect  of  spleen  grafts  confirm  his 
observations.  The  effect  is  present  in  auto-  as  well  as  homoiografts, 
though  perhaps  the  homoiografts  excite  a  slightly  greater  connective 
tissue  reaction.  Carrel  also  found  that  thyroid  extracts  excite  in  the 
living  animal  an  even  more  marked  connective  tissue  proliferation 
both  in  healing  skin  and  periosteum  wounds.  We  have  been  unable 
to  detect  an  excessive  connective  tissue  proliferation  around  thyroid 
grafts.  It  would  seem,  as  suggested  by  Carrel,  that  spleen  extracts 
could  be  used  to  promote  the  granulation  of  wounds. 

A  utotrans  plantation. 

Four  transplants  were  examined  on  the  8th,  Uth,  and  13th  days, 
respectively.  All  were  positive  and  seemingly  active.  The  8th, 
11th,  and  one  13th  day  transplants  were  removed  for  histological 
examination.  In  contrast  with  the  homoio transplants,  examined 
after  approximately  the  same  period,  all  were  positive  with  well 
established  blood  supplies  and  central  necrosis,  and  the  peripheral 
zone  of  pulp,  lymphoid,  and  trabecular  tissues  was  distinct.  There 
was  also  the  same  connective  tissue  reaction  seen  in  the  homoio- 
transplants. 

Of  the  three  transplants  examined  at  the  65th,  67th,  and  80th  days, 
complete  absorption  leaving  large  white  scars  at  the  sites  had  occurred 
in  two,  while  in  the  third  (Rabbit  14)  a  dark  red,  sharply  circum- 
scribed mass  appeared,  the  size  of  a  small  wheat  kernel.  There  were 
several  large  vessels  entering  it,  and  except  for  its  darker  color  it  could 

7  Carrel,  Artificial  Activation  of  the  Growth  in  Vitro  of  Connective  Tissue, 
/.  Exp.  Med.,  1913,  xvii,  14. 
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easily  have  been  mistaken  for  an  autothyroid  transplant.  We  did  not 
remove  it,  and  it  was  recovered  at  autopsy  325  days  after  transplan- 
tation, the  rabbit  having  died  of  acute  pneumonia  and  pleurisy. 
Grossly,  the  transplant  measured  4  by  2.5  by  2  mm.,  and  was  dark 
bluish  red  in  color.  It  had  evidently  reached  its  maximum  growth 
before  the  first  examination  on  the  67th  day,  since  it  was  not  notice- 
ably larger  on  the  325th  day  than  at  the  first  examination.  This 
could  be  interpreted  as  evidence  that  its  growth  had  occurred  in 
response  to  a  physiological  insufl&ciency  during  the  time  when  other 
tissues  were  assuming  the  function  lost  through  removal  of  the 
spleen. 

Microscopic  examination  reveals  typical  congested  splenic  tissue 
embedded  in  striped  muscle  and  mammary  gland.  The  capsule  is 
very  thick  as  compared  with  transplants  of  ovary,  parath5n-oid, 
thyroid,  or  adrenal,  and  several  connective  tissue  bands  extend  from 
the  capsule  to  the  surrounding  muscle  fascia.  Many  large  vessels 
run  in  the  outer  layer  of  the  capsule.  Small  trabeculse  also  extend 
throughout  the  gland  parenchyma.  Their  numbers  are  the  same 
that  one  finds  in  the  normal  spleen,  while  their  size  is  proportional 
to  the  size  of  the  organ.  No  attempt  was  made  to  demonstrate  the 
presence  or  absence  of  smooth  muscle  fibers  in  the  capsule  and  trabec- 
ulas  and  no  studies  on  the  reticulum  hav^  been  made.  In  some 
sections  one  can  see  as  many  as  sixteen  well  defined  Malpighian 
bodies  with  the  characteristic  central  artery  and  radial  capillary 
system.  These  Malpighian  bodies  are  surrounded  by  typical  splenic 
pulp  with  large  highly  congested  sinuses.  In  places  there  are  deposits 
of  the  yellowish  brown  blood  pigment  usually  seen  in  the  normal 
spleen  pulp.  We  have,  therefore,  to  deal  with  a  small  newly  formed 
spleen  developed  in  an  entirely  foreign  field  as  regards  its  location, 
nerves,  and  blood  vessel  relations.  It  has  all  the  characteristics  of 
the  normal  spleen  in  as  far  as  these  have  been  investigated,  both  as 
to  the  number  of  its  component  structures,  capsule,  trabeculae,  Mal- 
pighian bodies,  pulp,  sinuses,  and  blood  pigment,  and  their  relation 
to  each  other.  The  trabeculae  are  proportional  to  the  size  of  the 
organ,  while  all  the  other  structures  are  of  nomial  proportions,  sug- 
gesting that  the  trabeculae  play  a  purely  mechanical  part.  The 
capsule  is  still  relatively  much  thicker  than  that  of  the  normal  spleen, 
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and  It  seems  probable  that  this  is  due  to  the  enormous  proliferation 
of  the  connective  tissue  which  takes  place  around  the  graft  very 
early  (within  2  weeks),  and  also  that  this  tends  to  return  to  relatively 
more  normal  proportions  through  absorption  as  the  connective  tissue 
becomes  adjusted  to  its  new  neighbor.  One  of  the  striking  facts, 
then,  is  that  the  regeneration  involves  all  the  structures  in  such  a 
way  that  both  their  normal  proportions  and  arrangements  are  wholly 
retained.  This  would  suggest  a  fairly  uniform  vitaHty  for  all  the 
component  parts  as  well  as  a  close  functional  interrelation.  It  may 
be  recalled  that  in  the  adrenal  the  cortical  cells  readily  survive,  while 
the  medullary  cells  invariably  die,  at  least  in  our  experience.  When 
one  recalls  that  in  the  thyroid  only  a  narrow  peripheral  zone  of  three 
or  four  cells  in  thickness  survives  the  transfer  and  that  the  whole 
interior  portion  undergoes  necrosis,  it  is  of  much  more  significance 
that  a  fully  regenerated  organ  should  develope  after  transplantation 
of  splenic  tissue  than  in  the  case  of  such  tissues  as  the  thyroid  or 
parathyroid  which  contain  but  a  single  speciaHzed  tissue. 

The  regeneration  of  Malpighian  bodies  is  also  of  interest.  Why 
does  the  lymphoid  tissue  not  regenerate  around  the  regenerated 
arteries  running  in  the  capsule  and  trabeculas  as  well  as  in  those  of  the 
interior  of  the  lobule?  The  best  studies  on  the  taking  of  engrafted 
tissues  indicate  that  the  host  suppKes  the  new  blood  vessels  to  the 
transferred  tissue  rather  than  that  it  utihzes  the  possible  surviving 
fragments  in  the  graft.  It  is  difficult  to  harmonize  this  with  the 
known  fact  that  the  intralobular  arteries  of  even  a  regenerated 
spleen  develop  this  envelope  of  lymphoid-like  cells.  Either  the  ves- 
sels must  be  specific,  which  does  not  seem  probable,  or  the  lymphoid- 
like  cells  are  specific  in  that  they  control  and  determine  the  blood 
vessel  arrangement.  If  this  is  the  case,  we  have  proof  that  the 
Malpighian  bodies  represent  a  difl^erent  type  of  lymphoid  tissue, 
functionally  as  different  from  ordinary  lymph  node  tissue  as  is  thymic 
tissue. 

The  same  questions  must  also  be  raised  in  connection  with  the 
development  of  the  spleen  sinuses  as  have  been  discussed  in  connec- 
tion with  the  formation  of  the  Malpighian  bodies.  The  careful  study 
of  an  appropriate  series  of  these  grafts  will  doubtless  give  valuable 
data,  both  as  to  the  normal  development  and  function  of  this  peculiar 
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organ.  The  survival  and  growth  of  the  pulp  cells  are  more  easily 
understood  and  the  process  is  probably  similar  to  that  of  other  single 
type  tissues. 

The  general  features  of  the  transplant  are  shown  in  the  accompany- 
ing photomicrographs  (Figs.  1,2,  and  3). 

SUMMARY. 

We  have  not  found  in  the  literature  a  report  of  an  instance  of 
permanent  homoio-  or  autotransplantation  of  the  spleen,  or  of  the 
probably  closely  related  spleno-  and  hemolymph  glands.  Spleen 
autotransplants  with  considerable  difficulty  as  compared  with  thy- 
roid, parathyroid,  ovary,  or  adrenal  cortex.  This  may  be  due  to 
its  complex  anatomical  structure.  An  instance  of  a  permanent  auto- 
transplant  has  been  observed.  None  of  our  attempts  to  homoio- 
transplant  it  were  successful  beyond  the  usual  taking  and  persistence 
for  2  or  3  weeks,  common  to  all  homoiografts.  The  successful  perma- 
nent subcutaneous  autotransplantation  had  all  the  morphological 
characteristics  of  a  fully  differentiated  and  functionally  active  spleen. 
This  method  of  transplantation  would  seem  to  offer  a  means  of 
learning  more  of  the  normal  development,  regeneration,  and  function 
of  this  complex  tissue. 

EXPLANATION  OF  PLATE  54. 

Fig.  1.  Photomicrograph  of  the  325  day  spleen  transplant  (Rabbit  14),  show- 
ing adjacent  abdominal  muscle,  capsule,  and  general  characteristics.    X  20. 

Fig.  2.  Photomicrograph  of  the  same  transplant,  showing  the  structure.  X 
100. 

Fig.  3.  Photomicrograph  of  the  same  transplant,  showing  trabeculse,  pulp, 
and  a  Malpighian  corpuscle.    X  100. 


Fig.  3. 


Reprinted  from  the  I'roceedings  of  the  Society  for  Experimental  Biology  and  Medicine, 

1917,  xiv,  pp.  123-124. 
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Influence  of  age  on  the  permanence  of  subcutaneous  autografts 

of  the  spleen  in  rabbits. 

By  David  Marine  and  O.  T.  Manley. 

[From  the  H.  K.  Gushing  Laboratory  of  Experimental  Medicine, 
Western  Reserve  University,  Cleveland,  Ohio.] 

We  have  removed  the  spleen  and  auto  transplanted  in  49 
rabbits,  varying  in  age  from  26  days  to  over  two  years. 

The  method  consists  of  introducing  a  small  fragment  of 
spleen,  roughly  2-3  mm.  in  diameter,  beneath  the  subcutaneous 
fascia  of  the  abdomen,  through  a  skin  incision  which  is  then 
closed  by  suture.  These  transplants  have  been  subjected  to 
direct  examination  at  approximately  monthly  intervals  to  check 
their  taking,  growth  or  absorption.  All  have  taken,  except  for 
three  instances  and  these  failures  were  due  to  infection.  The 
most  striking  observation  was  the  rapid  growth  of  the  grafts  in 
the  young  rabbits  from  one  to  three  months  old  and  the  lack  of 
growth  in  the  one-  and  two-year-old  rabbits,  some  of  which  have 
undergone  complete  absorption  in  three  months,  as  shown  by 
histological  examination.  On  the  other  hand,  none  of  the  trans- 
plants in  rabbits  less  than  five  months  old  have  shown  any  tend- 
ency to  undergo  absorption  and  histological  examination  shows 
regeneration  of  the  major  splenic  elements  into  normal  looking, 
encapsulated,  highly  vascular  little  spleens. 

We  have  not  been  able  to  complete  the  series,  with  rabbits  of 
known  ages,  between  the  period  of  sexual  maturity  (fifth  month) 
and  one  year.  The  marked  growth  and  activity  of  the  trans- 
plants in  young  rabbits  as  compared  with  the  lack  of  growth 
and  tendency  to  absorption  in  old  rabbits  may  be  a  part  of  the 
normal  growth  of  the  animal.  In  favor  of  this  view  is  the  fact 
that  further  growth  of  the  transplants  has  not  been  observed  after 
adolescence.  There  are  no  reports  of  differences  in  the  systemic 
effects  of  splenectomy  relative  to  age,  although  there  is  some 
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evidence  from  histological  studies  that  a  blood-forming  function 
is  present  in  early  life  and  absent  in  adults.  It  is  suggested  that 
the  age  differences  noted  in  the  growth  and  activity  of  spleen  auto- 
grafts in  addition  to  their  probable  relation  to  the  normal  growth 
of  the  animal  as  a  whole  may  also  be  related  to  the  loss  of  one 
of  the  spleen's  functions  in  early  life,  through  that  function  being 
assumed  by  another  tissue. 

The  ease  with  which  the  spleen  of  young  rabbits  can  be  auto- 
transplanted  into  the  subcutaneous  tissues  might  be  utilized  in 
the  study  of  its  reactions  or  in  chemical  examinations,  where 
multiple  or  control  spleens  in  accessible  locations  are  needed. 
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HOW  RAPIDLY  DOES  THE  INTACT  THYROID  GLAND 
ELABORATE  ITS  SPECIFIC  lODIN  CONTAINING 

HORMONE? 

DAVID  MARINE  and  J.  M.  ROGOFF 

From  the  H.  K.  Cushing  Laboratory  of  Experimental  Medicine,  Western  Reserve 

University,  Cleveland,  Ohio  ' 

Received  for  publication,  August  10,  1916 

The  thyroid  offers  the  best  opportunity  of  any  gland  for 
studying  the  rate  of  formation  of  a  necessary  and  strictly  phys- 
iological hormone  because  the  easily  detected  and  estimated 
element  iodin  is  essential  in  its  formation,  and  because  it  is  easy 
to  obtain  glands  without  determinable  amounts  of  iodin,  and 
to  cause  such  glands  to  take  large  amounts  of  iodin  from  the  cir- 
culating blood  and  store  it  instantly  (1)  (2).  Iodin  thus  taken 
up  by  the  gland  has  t>een  shovm  to  have  acquired  no  physio- 
logical activity  during  the  first  hour  (1),  as  determined  by  the 
exceedingly  sensitive  biological  test  of  Gudersnatch  (3), — the 
effect  on  tadpoles.  It  has  been  known  for  some  years  that 
striking  gross  and  microscopic  changes  can  be  recognized  in  the 
thyroids  of  dogs  after  thirty-six  hours,  and  also  that  such  glands 
exhibit  increased  pharmacological  activity.  It  seemed  there- 
fore a  simple  matter  of  obtaining  a  series  of  glands  exposed  to 
iodin  for  definite  periods  of  time  from  one  to  thirty-six  hours, 
to  determine  approximately  the  earliest  appearance  of  increased 
pharmacological  activity  as  determined  by  the  tadpole  test. 

The  object  of  this  paper  is  to  record  the  result  obtained  from 
the  feeding  of  such  a  series  of  thyroids  and  their  controls  to  tad- 
poles. The  thyroid  material  was  obtained  from  dogs  and  the 
experiments  have  been  published  (2)  in  table  form  in  connec- 
tion with  a  study  of  the  rate  of  absorption  in  vivo  of  KI  by 
thyroid  glands.  Eighteen  of  the  thirty-three  thyroids  have 
been  thus  studied. 
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HISTOLOGIC  CHANGES 

Sections  were  taken  from  the  control  and  iodized  lobes  of  all 
experiments  for  the  purpose,  first,  of  classification,  and  second,  of 
detecting  the  beginning  of  the  well-known  involuntary  changes 
in  the  gland  cells  of  hyperplasias  of  dogs'  thyroids.  It  has 
many  times  been  pointed  out  (4)  that  these  changes,  which  con- 
sist of  an  increase  in  the  stainable  colloid  and  a  shrinkage  in  the 
size  of  the  gland  cells  are  usually  quite  evident  thirty-six  hours 
after  the  administration  of  iodin  in  any  form  or  manner  so  far 
studied.  This  series  of  thyroids  has  afforded  the  opportunity 
of  studying  the  glands  for  these  changes  at  intervals  of  4,  8,  12, 
16,  20,  24,  and  30  hours  after  the  intravenous  injection  of  a 
constant  amount  (50  mgm.)  of  KI. 

The  earliest  period  in  which  definite  changes  were  detected 
was  in  the  20-hour  group  (it  will  be  recalled  that  the  increase  in 
thyroid  iodin  occurs  immediately  after  injection),  although  there 
was  a  suggestion  of  these  changes  in  a  16-hour  experiment. 
These  changes  are  necessarily  more  evident  in  the  more  marked 
hyperplasias,  and  as  there  was  but  one  advanced  hyperplasia  in 
five  16-hour  experiments,  and  one  in  four  20-hour  experiments, 
these  statements  are  based  on  but  two  favorable  cases.  Sec- 
tions were  made  from  the  formalin  fixed  tissue  after  embedding 
in  celloidin,  and  stained  with  hematoxyUn  and  eosin.  Compar- 
ing the  control  with  the  iodized  lobe,  there  are  three  definite 
differences:  (1)  more  stainable  colloid;  (2)  slight  shrinkage  in  the 
height  of  the  columnar  epithelium  and  (3)  a  corresponding  slight 
increase  in  the  size  of  the  follicular  spaces  in  the  iodized  lobe. 
These  differences  while  shght,  would  be  detected  by  any  one 
famiUar  with  a  large  series  of  dogs'  thyroids  as  greater  than  one 
finds  in  untreated  glands  of  similar  time  differences. 

We  have  always  assumed  the  occurrence  of  these  changes  indi- 
cated a  physiological  rather  than  a  possible  physical  effect  of 
iodin,  and  the  discussion  of  the  pharmacological  activity  of  such 
thyroids  to  follow  will  show  how  closely  the  conclusions  based 
on  morphological  changes  agree  with  those  based  on  pharmaco- 
logical activity. 
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PHARMACOLOGICAL  STUDIES 

Tests  for  differences  in  the  pharmacological  activity  were 
made  after  the  plan  used  by  Lenhart  (5)  viz.:  of  using  white 
enamel  dishes,  each  containing  about  200  cc.  of  water  and  5  tad- 
poles. Tap  (lake)  water  was  used  and  changed  each  morning 
and  evening.  Fifty  mgm.  of  dessicated  thyroid  was  added 
every  second  day  and  left  in  approximately  fifteen  hours.  Bits 
of  fresh  fiver  (hog  or  sheep)  were  given  on  alternate  days.  AU 
the  tadpoles  used  were  brought  to  the  laboratory  May  13, 1916, 
stored  in  large  basins  and  fed  daily  with  fresh  fiver  and  cracker 
meal.  Three  series  of  experiments  were  made.  The  dates  of 
starting  were  May  16,  May  24,  and  June  6. 

The  principal  data  have  been  arranged  in  the  following  table 
on  the  basis  of  the  number  of  hours  the  thyroids  were  exposed  to 
KI  before  removal  from  the  animal. 

The  most  striking  features  are  the  absence  of  any  difference 
between  the  effect  of  control  and  iodized  thyroids  of  the  4-hour 
"perfusions,"!  and  the  very  striking  difference  between  the  effect 
of  control  and  iodized  thyroid  of  experiment  16  of  the  30-hour 
"perfusions." 

In  experiments  4,  25,  9,  20  and  17  the  high  iodin  content  and  j 
the  high  pharmacological  activity  of  the  control  lobes  masked '[ 
any  difference  that  might  exist  in  the  pharmacological  activities 
of  the  two  lobes. 

The  tadpole  as  an  indicator  is  so  sensitive  that  it  is  necessary  i 
to  have  control  lobes  of  very  low  activity.  The  series  includes  i 
several  favorable  experiments.  j 

No  definite  difference  between  control  and  iodized  lobes  could ' 
be  observed  in  the  4-hour  perfusions.    In  the  8-hour  group  very 
shght  differences  in  activity  can  be  detected.    This  we  inter- 
pret as  evidence  of  the  elaboration  of  the  injected  KI  into  the ' 
active  hormone.    In  the  16-  and  20-hour  groups  the  iodized  • 
thyroids  show  well  marked  increases  in  activity. 

! 

1  Perfusion  is  used  in  this  connection  because  so  far  as  iodin-thyroid  effects  1 
Z~^Z^^'  -  ^^ent.cal  Jith  inttt  ' 


4 


DAVID   MARINE   AND  J.  M.  ROGOFF 


IH  OJ. 

aioaxHx  JO 
aaaeoiTxa 

hours 

00 

00 

00 

(N 

I-H 

lODIN  CONTENT 
PER  ORAM  DRIED 

Iodized 

0.95 

0.80 

4.00 

0.62 

1.11 

1.23 

Control 
lobe 

mgm. 
0.86 

trace 

0.00 

3.38 

i 

0.18 

0.15 

0.09 

rlRST  DEFINITE  EFFECT.     NUMBER  GF 
DATS  AND  AMOUNT  OF  THYROID  USED 

Iodized 

mgm. 

150 

o 

IM 

o  o 

O  "5 

150 

arked 
150 
ked 

8  8 

<N        (N  -g 
+a  0) 

150 

arked 
200 

00  0 
00  0 

IM   CO  -g  (M 
03 

e  CD 

O 

I-H 

CD    lo  a 

bC  ^ 

00  "  00  a 

Q 

CO  00 

03 
> 

I-I 

1-H 

Control  lobe 

mgm. 

160 

CO 

e  day 
350 

O  O 

t— 1  r— 1 

S,  CD 
o 
■a 

ten  da 

twelv 
14 

CO  lO 

FIRST  SUGGESTIVE  EFFECT. 
NUMBER  OF  DAYS  AND  AMOUNT 
OF  THYROID  USED 

Iodized 

mgm. 
100 

uring 
200 

450 
uring 
150 

o  o 
o  o 

1-H  I-H 

0  0 

I-H  1-H 

0  0 
0  0 
I— 1  I-H 

00  0 
10  0  0 

1-H    C<I  iH 

CO 

o 

CD 

O 

a 

CO 

CD  CD 

T)<  CO 

CO  00 

Control  lobe 

mgm. 
100 

differe 

differe 
250 

8  8 

I-H  1-H 

0 

UO 

<^  ^ 

[  -CI 

05 
O 

No 

o 

^  2 

Tt<  00 

M) 

DATE  OF  BEGINNING  OF  FEEDING 

CC 
r— 

> 

a 

) 
( 

i 

CC 

> 

) 

<  CS 

->  > 
i  K 

!^ 

i 

CC 
> 

i  CC 

CC 

i 

> 

CC 

> 

CC 

> 
a 

>  CC 

\  1 

) 

5 

1 

J 
3 

CC 
> 

)  "4 

(  Cv 

->  > 
I  5 

I  > 

1 

■> 

3 

1 

CC 
> 

■>  > 
I  a 

CC 

!  J 

> 
> 

SERIES 

I-H 

1-H  I-H 
I-H 

1— 1  M  I-H 
I-H  I-H 
hH 

I-H  HH 
hH 

hH  hH 
hH 
hH 

hH  hH 
hH 

hH  hH  hH 

SXPERI- 
MENT 
NUM- 
BER 

CO 

lO 

CD 
<N 

CO 

THE  INTACT  THYROID  GLAND 


>— I 

T— ( 

CO 

CO 
rH 

O 

(N 

O 

(M 

0.28 

CO 

d 

^ 

(M 
•  O 

d 

i-H 
r-( 

i-H 

r- 

d 

trace 

o 

1— 1 
I— I 

1—1 

00 
rH 

d 

IM 
CO 

d 

>-H 

d 

o 
o 

o  o  o 

IC  IQ  O 

o  o 
o  o 

.-H  ^  <N  ^ 

O        O  Q 
uo        VO  O 

""^  T3 

(U       a>  a> 
M  M 

o  o 
lO  o 

T3  X) 

00  w 

03  o3 
CO  lO   S  Tt^  S 

^  o3 

«H                (-C  (H 

^  o3 

s  s 

o 
o 

(M 

m 

o  o  o 
ic      o  _, 

^    ^  ^ 

o 
o 

o      o  o 

UO        "5  O 

l-H           l-H  l-H 

o 
o 

03 

03 

I— 1 

CO  lo  g  g 

00 

CO  lO 

o 
o 

be  O 

•S  2 
"C 

o  o  o 

O  O  IQ 
I— 1  I— 1 

o  o 
o  o 

I— 1  1-H 

s  s  s 

l-H  l-H 

8  8 

l-H  l-H 

00 

CO 

<D 
O 

CI 

Tfi  CO  (M 

^  CO 

CO  <M 

CO  CO 

o 
o 

(M 

£ 

sc 
-3 

2  2 

o  O  iC 

1— C  I— 1 

o 

no 
t— 1 

o      o  o 

O        O  no 

I-H  l-H 

8  S 

l-H  l-H 

00 

o 

CO  (M 

CO  (N 

lO 

> 

1 

May  16  

May  24  

June  6  

d  Tti 

l-H  <S| 
I? 

03  c3 

May  16  

May  24  

June  6  

CO  T^' 
l-H  Cij 

>>  >> 

eS  o3 

1— 1 

l-H  hH 
l-H  H 
1— ( 

1— (  t— (  h-H 
1— t  l-H 

►-H  l-H 
l-H 

>-H         hH  hH 
hH  hH 
hH 

hH  hH 
hH 

05 

05 
<N 

O 

l-H 

DAVID  MARINE  AND  J.  M.  ROGOFP 


IH  OX 
aiOUiHX  do 

auasodxa 

hours 

24 

o 
CO 

lODIN  CONTENT 
PER  ORAM  DRIED 

Iodized 

mgm 

2.21 

1.04 

0.46 

1.85 

O 
O 

Control 
lobe 

mgm 

1.69 

0.31 

0.00 

0.02 

0.00 

FIRST  DEFINITE  EFFECT.     NUMBER  OF 
DAYS  AND  AMOUNT  OF  THYROID  USED 

Iodized 

mgm 

150 
arked 

150 
arked 

150 
arked 

150 
arked 

o  o 
o  o 

OC  ^  (N 

100 
arked 
100 
arked 

100 
arked 

o  O 

T— <   -  .  y— ( 

days 

6 

very  m 
very  m 

CO  >■>  o 

S  3 
>  > 

S-i 

00  S 

a    a  a 

CO    '^J  CO 
^          ^  ^ 

a>       0)  cu 
>       >  > 

CO  S  lO  S 

Control  lobe 

so  o 
1  ^ 

&  OP 

8  8 

(M  (M 

o  o 
lO  o 

CO  t-> 

^00          CO  g 

00 

o 

T-H 

FIRST  SUGGESTIVE  EFFECT. 
NUMBER  OP  DAYS  AND  AMOUNT 
OP  THYROID  USED 

Iodized 

OOT 
001 

O 

»c 

r— 1 

o 
o 

r-H 

o      o  o 

O         lO  lO 

o  o 

O 

r-H  r— 1 

00 

g>  00 

CO        M  IN 

rt<  CO 

Control  lobe 

1  8  S 
s  ^ 

o 
o 

rH 

00 

CO 

o 
is 

M 

o 
a 
a 

EM 

h 
O 

O 
g 

s 

3 

a 
n 

o 


CD  ^ 

>,  ^ 
o3 


CO 
1— 1 

CD 
1—1 

CO 

T-H 

(M 

May 

May 

May 

May 

May 

May 

CD 

a 

"-3 


CD 

1-1  (M 
03  o3 


■ 

M  S5  S  S 

£  w  o  S 

«  a  z  « 


00 


CD 


THE  INTACT  THYROID  GLAND 


7 


The  most  marked  difference  in  activity  is  seen  in  experiment 
16,  a  30-hom-  "perfusion."  There  the  iodized  lobe  shows  a  very 
marked  effect  in  three  to  four  days,  while  the  control  lobe  fed 
in  equal  amounts  had  no  detectable  effect  during  ten  days. 

A  fact  of  considerable  interest  is  the  variation  noted  in  dif- 
ferent dogs  in  the  rate  of  formation  of  the  active  substance. 
These  variations  are  independent  of  such  gross  factors  as  the 
time  interval,  amount  of  KI  injected,  age,  sex  or  anatomical 
condition  of  the  gland.  It  is  suggested  as  a  possible  explana- 
tion that  the  variations  are  dependent  on  the  amount  of  the 
mother  substance  available  in  the  gland  in  a  given  period  with 
which  the  iodin  has  to  combine  in  order  to  become  physiologi- 
cally active. 

Something  possibly  similar  to  those  variations  are  the  well 
known  variations  in  the  action  of  iodin  clinically  in  cases  with 
goiter- — notably  Basedow's  disease.  In  numerous  case  reports 
of  this  disease  where  iodin  has  been  given  in  one  form  or  another, 
great  variations  in  susceptibility  to  its  effects  have  been  noted. 
Sometimes  an  effect  resembUng  that  of  dessicated  thyroid  may 
be  seen  in  twenty-four  to  thirty  hours  after  the  oral  adminis- 
tration of  iodin  while  not  infrequently  the  prolonged  use  of 
iodin  has  no  untoward  effects  on  metabolism  although  the  stor- 
age of  iodin  in  the  gland  is  similar  in  the  two  groups.  One  of 
the  authors  has  also  seen  many  instances  of  variations  in  the 
reaction  of  cases  of  Basedow's  disease  and  indeed  of  cases  of 
simple  goiter  to  iodin,  which  could  not  be  satisfactorily  ascribed 
to  differences  in  the  glands,  in  the  quantity  or  form  of  iodin 
administered,  in  the  quantity  of  iodin  stored  in  the  glands  or  to 
the  stage  of  the  disease. 

The  occurrence  of  variations  in  the  amount  of  the  hormone 
formed  in  dogs'  thyroids  under  conditions  of  relatively  constant 
gross  factors  suggests  that  the  long  known  human  variations 
may  be  of  a  similar  nature  and  dependent  on  variations  in  the 
quantity  of  the  organic  nucleus  with  which  the  iodin  is  bound. 

Another  fact  previously  known  is  of  interest  in  this  connec- 
tion since  it  is  probably  closely  related  to  variations  in  the  rate 
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of  formation  of  the  hormone.  We  refer  to  the  presence  of  the  two 
forms,  active  and  inactive,  in  which  the  iodin  is  held  in  the  gland. 

Kendall  (6)  has  shown  that  with  alkaline  hydrolysis  of  whole 
thyroid,  fraction  "a"  contains  the  pharmacologically  active 
iodin  while  the  iodin  in  fraction  ''b"  is  inactive.  Graham  (7)  has 
studied  samples  of  human  thyroid  with  high  iodin  contents 
showing  much  lower  pharmacological  activity  than  other  samples 
with  relatively  low  iodin  contents.  The  work  with  the  thyroid 
"perfusions"  has  demonstrated  clearly  that  the  iodin  is  taken  up 
very  rapidly  (in  a  few  seconds)  in  all  cases  and  definitely  fixed 
in  the  gland  so  as  to  withstand  ordinary  washing.  The  rate  of 
absorption  is  fairly  constant  for  glands  of  constant  types,  while 
as  above  mentioned  the  formation  of  the  pharmacologically 
active  iodin  is  very  slow  and  shows  wide  variations  in  different 
animals.  This  suggests  that  the  two  processes  are  distinct  and, 
as  mentioned  above,  that  the  rate  of  activation  of  the  iodin  is 
controlled  by  the  amount  of  the  chemical  nucleus  or  mother  sub- 
stance available  and  not  by  the  amount  of  iodin,  when  this  element 
is  present  in  ordinary  quantities.  It  is  not  profitable  at  this  time 
to  review  the  speculations  as  to  the  possible  chemical  nature  of 
this  mother  substance  beyond  stating  that  it  contains  an  aro- 
matic nucleus  and  may  be  a  tyrosin  or  tryptophane  derivative. 

In  the  light  of  the  facts  already  pointed  out  a  knowledge  of 
the  exact,  chemical  nature  of  this  substance  might  give  most 
valuable  leads  toward  explaining  certain  phases  of  pathological 
physiological  activity  of  the  thyroid  which  have  been  looked  for 
too  carefully  in  the  gland  itself. 

SUMMARY  AND  DISCUSSION 

Following  the  injection  of  50  mgm.  KI  into  the  circulation  one 
can  detect  definite  histological  changes  (always  involutionary) 
within  twenty  hours  in  favorable  cases.  The  more  marked  the 
hyperplasia  the  more  readily  they  are  detected.  Definite  dif- 
ferences in  the  pharmacological  activity  of  control  and  iodized 
thyroid  lobes  can  be  detected  as  early  as  the  eighth  hour.  This 
difference  becomes  well  marked  by  the  twentieth  hour.  These 
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facts  indicate  that  morphological  changes  are  closely  related  in 
time  and  dependent  upon  the  elaboration  of  the  iodin  contain- 
ing hormone  and  that  the  generally  held  view  that  involuntionary 
changes  in  the  gland  are  the  results  of  a  decrease  in  functional 
activity  of  the  thyroid  cells  and  a  storage  and  an  increase  of 
the  pharmacologically  active  principle — the  iodin  containing  hor- 
mone— ^in  the  gland  is  essentially  correct. 

The  storage  of  iodin  in  the  th3rroid  from  salts  of  this  element 
is  practically  instantaneous,  while  the  elaboration  of  the  hor- 
mone is  slow.  Comparisons  with  the  rate  of  formation  of  other 
physiologically  necessary  substances  of  a  comparable  nature  are 
at  present  not  possible.  In  the  case  of  the  suprarenal  gland 
recent  evidence  (8)  (9)  suggests  that  epinephrin  is  probably 
formed  more  rapidly. 

Whatever  the  rate  of  formation  of  the  active  substances  of 
other  ductless  glands  may  be,  it  is  probable  that  in  the  case  of 
the  thyroid  it  is  relatively  slow,  since  after  thirty  hours  only  a 
small  fraction  of  the  iodin  taken  up  in  as  many  seconds  is  trans- 
formed into  the  specific  hormone. 

Variations  in  the  rate  of  formation  of  the  active  substance 
when  taken  in  connection  with  the  normal  occurrence  of  iodin 
m  the  thyroid  in  both  an  active  and  an  inactive  form  suggest  the 
physiological  importance  of  the  mother  substance  with  which 
the  iodin  is  combined  and  the  value  to  further  work  in  the  fields 
of  physiology  and  pathology  of  the  thyroid  which  a  definite 
knowledge  of  its  chemistry  might  have. 
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In  the  following  report  we  have  recorded  the  results  of  the 
effects  of  the  products  of  alkaline  hydrolysis  of  the  thyroid  on 
tadpoles  (larvae  of  rana  pipiens).  The  products  were  prepared 
from  normal  ox,  normal  sheep  and  markedly  hyperplastic  lamb 
thyroids,  after  the  very  simple  method  introduced  by  Kendall 
(1)  (2).  He  has  designated  the  products  as  follows:  1,  product 
''A;"  2,  product  "B;"  3,  "Residue"  and  has  described  the  phar- 
macological action  of  these  products  in  man,  dogs  and  goats. 
Product  "A"  has  the  typical  action  of  desiccated  thyroid  of 
markedly  accelerating  metabohsm.  Product  ''B",  he  foand  to 
have  a  specific  action  on  the  skin ;  changing  a  dr>'^  scaly  skin  to  a 
moist,  normal  condition  and  also  relieving  certain  subjective 
symptoms  of  myxedema,  as  soreness  of  bones  and  joints  and 
heat  flashes.  Basinger  (3)  reported  the  absence  of  any  effect  on 
the  growth  curve  of  thyroidectomized  (cretin)  rabbits,  from  the 
use  of  product  "B,"  while  product  "A"  had  the  characteristic 
acceleratilig  action  on  metabolism  noted  by  Kendall. 

lODIN  DETEEMINATIONS  OF  PRODUCTS  USED 

lodin  determinations  were  made  on  the  whole  thyroid  sub- 
stance after  drying  and  extracting  with  gasoline  and  ether. 
The  iodin  contents  of  the  whole  sheep  and  whole  ox  thyroids  are 
approximately  those  usually  found  in  normal  glands  (4) .  In  con- 
trast with  the  above,  we  obtained  a  batch  of  markedly  hyper- 
plastic and  enlarged  lamb  thyroids,  which  contained  no  demon- 
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strable  iodin.  These  three  batches  were  hydroUzed  after  the 
method  of  Kendall,  and  iodin  determinations  made  on  the 
products  "A"  and  "B,"  and  the  ''Residue."  The  results  are 
given  in  Table  I. 


TABLE  I 


SOURCE  OF  THYROID 

IODIN 
PER  ORAM 
DESICCATED, 
TAT  FREE 

IODIN 
PER  ORAM 
PRODUCT  "a" 

IODIN 
PER  GRAM 
PRODUCT  "b" 

IODIN 
PER  ORAM 

"residue" 

mgm. 

mgm. 

mgm. 

mgm. 

Sheep  (noTinal)  

3.23 

17.92 

1.51 

Ox  (normal)  

2.15 

14.84 

1.20 

0.28 

0.00 

0.00 

0.00 

0.00 

It  is  of  interest  to  note  that  in  the  two  batches  containing 
iodin  that  the  products  contain  iodin  roughly  in  proportion  to 
the  iodin  content  of  the  whole  gland.  No  work  has  been  done 
to  ascertain  whether  these  proportions  of  iodin  in  the  three 
products  could  be  altered  by  feeding  iodin,  but  since  the  iodin 
taken  up  by  perfused  dog  thyroids  is  pharmacologically  inactive 
(5)  for  several  hours  and  becomes  active  very  slowly  (6),  it 
would  seem  that  feeding  iodin  must  alter  the  proportions. 

Effect  of  feeding  product  "A"^ 

The  data  are  given  in  Table  II  and  for  comparison,  the  effects 
of  the  corresponding  whole  glands  are  given  in  Table  III. 

Whole  ox  thyroid  fed  in  50  mgm.  doses  every  other  day  caused 
a  marked  loss  of  weight  in  2  days  and  definite  hind  legs  and 
front  leg  buds  were  present  on  the  6th  day.  In  one  series,  all 
were  dead  on  the  13th  day  and  in  another  on  the  9th  day. 
The  hyperplastic  lamb  thyroid  fed  in  hke  amount  had  no  in- 
jurious effect,  but  instead  caused  sUghtly  more  growth  than 
occurred  in  the  controls,  probably  due  to  the  additional  food 
value  of  the  thyroid. 

1  The  experiments  were  carried  out  as  follows:  Five  uniform  sized  tadpoles 
were  put  in  each  enamelware  dish  of  about  200  cc.  capacity;  fed  with  the  thyroid 
product  every  other  day  and  fresh  liver  on  alternate  days  and  the  water  (tap) 
changed  morning  and  evening  of  each  day. 
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TABLE  II 


SOURCE  or  PRODUCT 

SERIES 

DOSE   IN  MQM.  EVERT 
SECOND  DAY 

1 

DEFINITE    EFFECT  AP-  | 
PEARED  IN  DAYS 

1 
i 

AMOUNT  REQUIRED  TO  | 
INDUCE  IST  EFFECT 

NUMBER  OF  D.\T8  BE- 
FORE 1st  death 

NUMBER  OF   DATS   TO  I 
LAST  DEATH  j 

TOTAL   AMOUNT   USED  ' 
MQM. 

• 

REMARKS 

^»  /I'm 

Ox  thyroid  

I 

10 

2(mkd) 

10 

7 

8 

40 

Marked  emaciation 

and  differentiation 

in  6  days 

Ox  thyroid  

II 

7.5 

2(mkd) 

7.5 

7 

8 

30 

Marked  emaciation 

and  differentiation 

in  6  days 

Ox  thyroid  

III 

4 

3 

8 

8 

9 

20 

Marked  emaciation 

and  differentiation 

in  6  days 

Lamb  thyroids 

I 

10 

44 

50 

1200 

No  emaciation.  No 

(hyperplastic) 

differentiation 

Sheep  thyroid. . . 

I 

10 

2(mkd) 

10 

8 

9 

40 

Marked  emaciation. 

Marked  differen- 

tiation 

Control  

Fresh 

41 

59 

liver 

TABLE  UI 


SOURCE  OP  PRODUCT 

1  SERIES 

'dose  in   MOM.  GIVEN 
EVERT  SECOND  DAT 

DEFINITE    EFFECT  IN 
DATS 

AMOUNT  REQUIRED  TO 
INDUCE    IST  EFFECT 
IN  MOM. 

NUMBER  OP  DAYS  BE- 
FORE 1st  DEATH 

NUMBER  OP   DAYS  TO 
LAST  DEATH 

TOTAI,  AMOUNT  USED 
IN  MOM. 

REMARKS 

Ox  thyroid  

I 

50 

2 

50 

9 

13 

350 

Legs  visible  on  sixth 

Ox  thyroid  

day 

II 

50 

2 

50 

7 

9 

250 

Marked  loss  weight 

Sheep  

Lamb  thyroids 

50 

No  dif- 

25 

36 

850 

Sacrificed.  More 

(hyperplastic ) 

feren- 

growth than  con- 

tiation 

trols 

Control  

Fresh 

No  dif- 

41 

59 

Sacrificed 

liver 

feren- 

tiation 
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Ox  thyroid  product  "A"  was  fed  to  3  series  in  10,  7.5  and  4 
mgm.  doses  given  every  other  day.  Definite  loss  of  weight  was 
noticed  in  2  days,  after  feeding  single  doses  of  10  and  7.5  mgm. 
The  group  getting  4  mgm.  doses  showed  effects  on  the  3d  day, 
after  8  mgm.  were  used. 

Comparing  the  effect  of  whole  ox  thyroid  with  the  effect  of 
product  "A,"  it  is  seen  that  10  and  7.5  mgm.  of  product  ''A" 
induce  more  rapid  and  more  marked  emaciation  and  differentia- 
tion than  50  mgm.  of  the  whole  gland  (see  figures  1,  2,  3,  4  and 
5).  Four  milligrams  of  product  ''A"  also  induced  slightly 
more  marked  emaciation  than  50  mgm.  of  the  whole  substance. 
But  comparing  the  stages  of  differentiation  and  emaciation  and 
the  dates  of  first  and  last  deaths,  it  would  seem  that  the  4  mgm. 
is  very  nearly  the  equivalent  of  50  mgm.  of  the  whole  gland  as 
regards  pharmacological  activity.  These  effects  indicate  that 
the  hydrolytic  product  per  milligram  was  about  12  times  as 
active  as  the  whole  gland,  while  as  regards, iodin  content  it  is 
only  about  7  times  as  great.  Only  one  experiment  was  made 
with  product  ''A"  of  sheep  thyroid,  using  10  mgm.  These  tad- 
poles showed  more  marked  emaciation  than  those  fed  with  10 
mgm.  of  ox  thyroid  product  "A,"  although  the  dates  of  the 
first  and  the  last  death  are  practically  the  same  in  each  series. 
The  more  marked  activity  of  the  sheep  thyroid  product  "A" 
than  of  ox  thyroid  product  ''A"  can  be  associated  with  its 
higher  iodin  content. 

In  sharp  contrast  with  the  very  active  products  ''A"  of  ox  and 
sheep  thyroids  it  is  found  that  product  ''A"  of  the  hyperplastic 
lamb  thyroid  has  no  activity  when  fed  in.  similar  doses  of  -10 
mgm.,  although  feeding  was  continued  for  50  days.  This  was 
to  be  expected;  since  the  whole  gland  showed  no  pharmacologi- 
cal activity.  The  color  and  quantity  of  product  ''A"  obtained 
from  these  iodin-free  lamb  thyroids  was  approximately  the  same 
as  the  very  active  iodin-rich  products,  obtained  from  sheep  and 
ox  thyroids  (see  figures  1,  2,  3,  4,  5). 

In  addition  to  the  above  feeding  experiments  the  three  prod- 
ucts "A"  were  injected  intraperitoneally  into  guinea  pigs,  m 
single  doses  of  50  mgm.,  to  test  for  any  acute  poisonous  action. 
No  symptoms  of  such  action  developed.  Second  injections  of  50 
mgm.  given  33  days  later  likewise  caused  no  acute  reactions. 
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EFFECT  OF  FEEDING  PRODUCT  "b" 

The  principal  data  of  this  series  are  given  in  Table  IV.  It  is 
seen  that  the  characteristic  thyroid  activity  shown  by  the  iodin- 
containing  products  "A"  is  absent.  Product  "B"  is  a  gelati- 
nous, hygroscopic  substance,  which  contains  iodin  in  much  smaller 


IT  no""  ^'  "  "^'""^^  feeding  with  sheep  thyroid  product  '"A"  (iodin  content 

17.92  mgm.  per  gram),  in  10  mgm.  doses,  on  alternate  davs.  Extreme  emacia- 
tion and  differentiation. 


quantities  than  product  ''A."  Obviously  the  product  ''B" 
obtained  from  the  iodin-free  hyperplastic  lamb  thyroid  con- 
tamed  no  iodin. 

For  convenience  of  feeding  the  product  "B"  was  dissolved  in 

?nn         T  ^^e  substance  was  fed 

in  50,  100  and  150  mgm.  doses,  given  every  other  day  and  in  the 
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second  series  in  100,  200,  300  and  400  mgm.  doses,  given  every 
day.    Each  dose  remained  in  the  dishes  about  fifteen  hours. 

The  experiments  in  which  200  mgm.  or  more  were  given  daily, 
failed  because  in  such  amounts  bacterial  growth  and  putrefactive 
changes  developed  rapidly  at  room  temperature.  The  experi- 
ments where  smaller  amounts  were  used  also  showed  slight 
putrefactive  changes,  but  not  sufficient  to  kill  the  tadpoles.  A 
slight,  gradual  loss  of  weight  was  noted  in  all  the  experiments 
and  it  was  slightly  greater  in  those  getting  150  mgm.  than  in 
those  getting  50  mgm.,  but  this  cannot  be  compared  with  the 
striking  effects  produced  by  the  product  "A"  or  the  whole 
thyroid  (when  iodin  is  present — see  figures  6,  7,  8,  9,  10  and  11). 
It  seems  more  reasonable  to  account  for  the  slight  loss  of  weight, 
either  on  the  basis  that  product  '^B"  has  little  or  no  food  value 
or  on  the  injurious  effects  of  the  sUght  putrefactive  changes 
which  occurred  after  it  was  added  to  the  water  in  the  dishes. 
The  iodin  of  product  ''B"  cannot  be  responsible  for  the  effect, 
since  the  product  "B"  obtained  from  the  iodin-free  hyperplastic 
lamb  thyroids,  which  contained  no  iodin,  had  practically  the 
same  effect  as  the  products  which  contained  iodin.  Compari- 
son of  the  amount  of  loss  of  weight  and  the  duration  of  hfe  in  the 
experiments  where  products  "B"  were  used  in  smaller  doses 
shows  that  the  iodin-free  product  ''B"  produced  a  shghtly 
smaller  average  loss  of  weight  and  the  average  hfe  of  the  tad- 
poles was  shghtly  longer  than  in  the  experiments  with  the 
product  "B"  from  ox  and  sheep  thyroids.  The  differences, 
however,  are  shght  and  might  well  be  explained  on  the  basis  of 
an  incomplete  separation  of  products  "A"  and  '^B",  in  as  much 
as  the  process  is  somewhat  crude  and  it  is  possible  that  a  very 
small  amount  of  product  ''A"  may  be  retained  in  the  product 

From  the  evidence  at  hand,  however,  we  beheve  that  product 
"B,"  whether  or  not  it  contains  iodin,  has  no  specific  action  on 
tadpoles. 
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EFFECTS  OF  FEEDING  "rESIDUE" 

Experiments  were  made  only  with  the  ''Residue"  from  ox 
thyroid.  The  "Residue"  contained  0.28  mgm.  iodin  per  gram. 
It  was  fed  in  20  mgm.  doses,  given  every  other  day.  The 
first  death  took  place  on  the  30th  day  and  the  experiment 
was  discontinued  on  the  50th  day,  480  mgm.  of  the  substance 
having  been  used.  Compared  with  the  controls,  no  differences 
either  in  weight  or  differentiation  could  be  recognized. 

EFFECT  OF  FEEDING  IODIZED  PRODUCT  "a"  MADE  FROM  lODIN- 
FREE  HYPERPLASTIC  LAMB  THYROIDS,   AND  IODIZED 
BLOOD  PROTEIN  (iODALBIN) 

As  was  noted  above,  the  product  "A"  obtained  from  iodin- 
free  hyperplastic  lamb  thyroid  does  not  cause  the  characteris- 
tic thyroid  effects,  although  the  quantity  yielded  and  the  physi- 
cal characteristics  were  the  same  as  those  of  the  highly  active 
products.  It  occurred  to  us,  that  possibly  the  "mother  sub- 
stance" with  which  the  iodin  must  unite  in  order  to  produce  the 
specific  "hormone"  was  contained  in  the  inactive  product,  and 
if  so,  it  might  be  possible  to  activate  it  by  artificial  iodization; 
somewhat  after  the  methods  used  for  iodizing  proteins,  suggested 
by  the  experiments  of  Kurajeff  (7)  and  others. 

The  iodization  was  carried  out  as  follows: 

The  substance  was  dissolved  in  2  per  cent  NaOH  and  warmed 
to  60°C.  At  this  temperature  iodin  crystals  were  gradually 
added  (with  occasional  agitation)  until  a  slight  excess  was  pres- 
ent, which  was  indicated  by  the  violet  color  imparted  to  the 
solution,  and  the  mixture  was  kept  on  a  water  bath  at  a  tem- 
perature between  50°  and  60°C.  for  2  hours.  It  was  then  allowed 
to  cool  and  stand  for  a  few  hoiu-s  (over  night).  The  product 
was  then  precipitated  by  the  addition  of  acid  (2  per  cent  H2SO4) 
and  after  filtration,  the  precipitate  was  washed  with  acidified 
(HoSO.,)  alcohol  until  the  alcoholic  filtrate  no  longer  showed 
any  color  of  iodin.  The  precipitate  was  again  dissolved  in 
alkali  and  then  reprecipitated  with  acid  and  washed  with  acidi- 
fied alcohol  as  described  above.    This  process  of  dissolving  in 
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alkali,  reprecipitating  with  acid  and  washing  with  alcohol  was 
repeated  four  times  (until  the  alcoholic  filtrate  was  entirely  free 
from  lodin  when  tested  with  starch  solution).  The  precipi- 
tate was  then  thoroughly  dried  in  a  desiccator.  The  resulting 
product  contained  52.29  mgm.  iodin  per  gram.  This  sub- 
stance was  fed  in  10  mgm.  doses,  given  every  other  day;  100  mgm. 
being  given  in  22  days.    No  evidence  of  a  thyroid-Uke  effect 

TABLE  V 


SERIES 

DOSE 

DEFINITE  EFFECT 
APPEARED  IN 

AMOUNT  REQUIRED 
TO  PRODUCE  EF- 
FECT 

1st  DEATH  IN 

LAST  DEATH  IN 

n 

a 
■< 

H 
O 
H 

REMARKS 

mgm. 

days 

mgm. 

days 

days 

mgm. 

I 

5 

6 

15 

22 

34 

85 

Marked   differentiation  and 

emaciation  in  11  days 

I 

2 

6 

6 

20 

27 

26 

Marked    differentiation  and 

emaciation  in  11  days 

I 

1 

11 

6 

24 

34 

17 

Marked    differentiation  and 

emaciation  in  16  days 

II* 

5 

4 

10 

12 

17 

40 

Complete  differentiation  in  12 

days 

II* 

2 

5 

4 

10 

20 

20 

Complete  differentiation  in  13 

days 

II* 

1 

8 

4 

15 

17 

8 

Emaciation  and  complete  dif- 

ferentiation in  16  days 

Control 

grac 

ual 

23 

Sacrificed  on  39  day 

growth 

*  Series  II  experiments  were  started  ten  days  after  Series  I,  when  the  stock 
tadpoles  were  larger,  approaching  differentiation,  and  during  hot  weather. 

was  produced,  although  the  tadpoles  were  allowed  to  live  for  50 
days.  It  may  be  concluded  that  although  the  product  has  a 
great  affinity  for  iodin,  it  does  not  unite  with  the  specific  or- 
ganic nucleus  to  produce  the  hormone.  This  may  be  due  either 
to  the  absence  of  the  specific  nucleus  from  this  protein  product 
''A,"  or  though  present,  iodin  cannot  be  introduced  by  such  a 
procedure. 

It  has  been  shown,  however,  that  it  is  possible  to  combine 
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blood  protein  with  iodin  (Kurajeff  (7)  and  to  produce  a  com- 
pound which  has  a  marked  influence  on  tadpoles.  Morse  (8) 
found  that  feeding  "lodalbin"  to  tadpoles  (a  commercial  prepa- 
ration corresponding  with  Karajeff's  iodized  blood  protein) 
caused  effects  similar  to  those  produced  by  thyroid,  although  egg 
albumin  iodized  in  the  same  way  gave  negative  effects.  Len- 
hart  (9)  observed  some  action  when  "lodalbin"  wa^  fed  and  sug- 
gested that  it  might  be  due  to  the  toxic  effects  of  iodin,  since 
this  preparation  has  a  high  iodin  content  (about  21  per  cent)  in 
loose  combination.  He  observed  early  tail  absorption  and 
emaciation,  but  on  account  of  disease  complications  he  was 
unable  to  conclude  definitely  that  the  substance  had  a  thyroid- 
like action.  We  have  made  two  series  of  experiments  with 
"lodalbin"  and  the  principal  data  are  given  in  Table  V. 

The  substance  was  fed  in  5,  2  and  1  mgm.  doses  on  alternate 
days  in  order  to  prevent  the  acute  poisonous  effects  when  ad- 
ministered in  larger  amounts  and  also  to  make  the  dose  corre- 
spond more  closely  as  regards  iodin  content,  with  the  doses  of  the 
thyroid  products.  In  the  above  table  it  is  seen  that  there  is  a 
distinct  effect  in  both  Series  I  and  Series  II.  Series  I  being 
younger,  reacted  slightly  slower  than  Series  II  to  similar  doses. 
The  reactions  roughly  vary  according  to  the  dosage  used,  al- 
though there  is  practically  no  difference  between  the  experi- 
ments where  doses  of  5  and  2  mgm.  were  used.  The  shortest 
time  interval  before  definite  effects  were  observed  was  6  days 
for  Series  I  and  4  days  for  Series  11.  Marked  emaciation  and 
differentiation  occurred  with  all  doses,  the  earliest  instance 
being  11  days.  In  comparing  these  results  with  those  obtained 
from  feeding  iodin-containing  thyroid  or  products  "A"  the 
only  difference  that  could  be  made  was  the  more  rapid  effect 
of  the  thyroid  products,  leading  to  earlier  emaciation,  differen- 
tiation and  death. 

These  observations  confirm  the  reports  by  Lenhart  and  by 
Morse,  that  "lodalbin"  has  a  marked  activity  and  also  we  can 
confirm  Morse's  statement  that  the  effect  of  "lodalbin"  on  tad- 
poles is  similar  to  that  produced  by  whole  thyroid  or  its  products. 
Since  the  action  of  "lodalbin"  on  tadpoles  is  similar  to  -that  of 
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thyroid,  the  question  arises  whether  the  iodin  complex  deter- 
mining the  activity  of  "lodalbin"  is  not  chemically  identical 
with  tliat  of  the  thyroid.  As  all  the  evidence  at  present  avail- 
able indicates  that  the  thyroid  iodin  is  contained  in  an  aromatic 
nucleus  derived  either  from  tryptophane  or  tyrosin,  it  is  pos- 
sible that  in  the  artificial  iodization  of  the  blood  proteins  after 
the  method  of  Kurajelf  an  iodin  compound  similar  to  that  in  the 
thyroid  might  be  produced. 

SUMMARY 

Hydrolysis  of  whole  thyroid  after  the  method  of  Kendall, 
concentrates  the  substance  producing  the  characteristic  meta- 
boHc  effect  of  thyroid.  Kendall  designates  this  substance 
product  "A."  The  iodin  contents  of  the  products  we  obtained 
were  about  6-7  times  as  high  as  those  of  the  whole  glands  and 
the  pharmacological  activity  approximately  12  times  as  great. 
The  activity  of  product  "A"  is  proportional  to  the  iodin  con- 
tent. Product  "A"  does  not  produce  symptoms  of  poisoning 
in  guinea  pigs,  when  introduced  intraperitoneally. 

It  has  long  been  known  that  the  activity  of  whole  thyroid  is  in 
general  proportional  to  its  iodin  content  and  also  that  iodin-free 
thyroid  is  inactive  and  we  have  shown  that  an  iodin-free  product 
"A"  is  also  inactive.  Attempts  to  activate  it  by  artificial 
iodization  were  negative.  Product  "B"  and  the  "Residue," 
although  they  contain  iodin  are  apparently  inactive.  The 
sUght  loss  of  wei^t  of  the  tadpoles  noted  in  most  of  the  experi- 
ments might  be  due  to  incomplete  hydrolysis  or  incomplete 
separation  of  product  "A,"  in  as  much  as  the  method  is  a  crude 
one.  This  method  of  hydrolysis  has  afforded  an  additional 
means  of  estabhshing  the  fact  that  the  thyroid  normally  con- 
tains both  active  and  inactive  iodin  in  varying  amounts.  Our 
experiments  confirm  the  statements  of  Morse  and  of  Lenhart 
that  "lodalbin"  has  a  thyroid-like  action  on  tadpoles,  but  this 
action  takes  place  more  slowly. 
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The  treatment  of  conditions  due  to  physiological  inefficiency 
of  the  thyroid  gland  by  the  administration  of  preparations  of 
the  gland  has  given  the  thyroid  a  conspicuous  place  as  a  ther- 
apeutic agent.  Its  value  was  at  first  frequently  doubted,  as  a 
result  of  confhcting  reports  of  the  results  obtained  by  its  admin- 
istration, but  as  the  structure  and  functions  of  the  gland  were 
investigated  it  became  known  that  the  physiological  efficiency 
of  the  thyroid  bore  an  intimate  relationship  to  its  iodine  content 
and  that  much  of  the  reported  uncertainty  of  action  was  due 
to  the  use  of  products  poor  in  iodine.  The  value  of  this  gland 
as  a  therapeutic  agent  has  been  made  more  certain  by  stand- 
ardizing thyroid  preparations,  on  the  basis  of  their  iodine 
content. 

It  is  known  that  the  iodine  content  of  the  thyroid  varies  mth 
the  histological  structiu-e  of  the  gland  (1)  and  that  the  physio- 
logical activity  of  the  gland,  when  administered,  is  dependent 
upon  the  iodine  which  it  contains  in  combination  with  its  col- 
loid (1  and  2).  Marine,  in  1907,  visited  various  manufacturing 
plants  and  found  that  hyperplastic,  as  well  as  normal  glands, 
were  being  used  in  the  commercial  preparations,  and  he  called 
attention  to  the  necessity  of  determining  the  iodine  content, 
leading  to  the  adoption  of  the  iodine  standardization  by  all 
leading  manufacturers  and  in  the  United  States  Pharmacopoeia 
(ninth  revision). 
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IS  THE  IODINE  CONTENT  AN  ENTIRELY  RELIABLE  INDEX  TO  THE 
THERAPEUTIC  VALUE  OF  THYROID  PREPARATIONS? 

The  iodine  assay  has  served  very  well  to  improve  the  grade  of 
physiologically-active  preparations  on  the  market  and  to  elim- 
inate many  of  the  worthless  inert  products.  But,  since  "in- 
organic iodine"  does  not  serve  the  purpose  in  conditions  where 
''thyroid  iodine"  is  indicated,  it  is  clear  that  the  quantitative 
determination  of  iodine  in  a  thyroid  preparation  can  not  be  an 
entirely  rehable  index  of  its  activity,  for  it  is  a  simple  matter 
to  cause  a  hyperplastic,  therapeutically  worthless,  specimen  of 
thyroid  to  assay  any  amount  of  iodine,  by  simply  adding  iodine 
in  any  form. 

The  specific  affinity  of  the  thyroid  for  iodine  is  very  well 
known  and  it  has  been  shown  that  the  hyperplastic  gland  is 
capable  of  absorbing  large  amounts  of  iodine,  both  in  vivo  and 
in  vitro,  and  that  when  potassium  iodide  is  injected  into  the 
circulation  of  an  animal  with  hyperplastic  thyroid  glands,  the 
iodine  is  absorbed  by  the  gland  practically  as  soon  as  it  reaches 
the  gland  through  the  circulating  blood  (3  and  4) . 

If,  a  short  while  before  being  killed,  a  goiterous  animal  re- 
ceives, in  its  food,  a  quantity  of  any  salt  of  iodine,  the  thyroid 
will,  of  course,  absorb  it  and  on  being  assayed  will  show  a  good 
iodine  content.  Although,  on  assay,  the  iodine  in  such  glands 
is  present  in  sufficient  quantities,  it  is  not  of  value,  when  ad- 
ministered, in  the  sense  of  "thyroid  iodine,"  as  an  activator  of 
metabohsm,  as  in  the  normal  gland;  for  it  has  been  shown  that 
the  iodine  so  absorbed  by  the  thyroid  requires  some  time  (about 
twelve  to  twenty  hours)  before  it  is  converted  into  the  active 
"thyroid  iodine"  or  the  "iodine-containing  hormone"  of  the  thy- 
roid (5). 

In  fact,  the  iodine  of  normal  colloid  glands  is  not  entirely  in 
the  active  form.  Kendall  (6),  by  alkaline  hydrolysis,  has  ob- 
tained, from  thyroid,  three  iodine-containing  products,  only  one 
of  which  (product  A)  represents  the  essential  activity  of  the 
gland.  The  writer,  in  collaboration  with  Dr.  Marine  (7)  has 
recently  confirmed  that  product  A  represents  the  active  iodine 
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of  the  hydrolytic  products  of  thyroid  by  feeding  the  products 
to  tadpoles  and  further  noted  that  product  A,  when  obtained 
from  hyperplastic  (iodine-free)  thyroid,  was  artificially  iodized 
it  did  not  produce  the  specific  effect  upon  tadpoles  although  it 
contained  a  high  percentage  of  iodine. 

From  the  foregoing,  it  is  evident  that  standardization  of 
thyroid  by  determination  of  its  iodine-content  is  not  an  entirely 
rehable  indication  of  its  therapeutic  value  and  that  a  method 
of  physiological  assay  as  a  supplement  or  substitute  for  the  pres- 
ent method  of  iodine  assay  is  very  desirable.  Such  a  method, 
to  be  useful,  must  of  course  be  simple  and  practical. 

Hunt  (8  and  9)  described  a  method  in  which  mice  were  used 
as  the  test  objects,  and  found  that  feeding  of  thyroid  was  capable 
of  increasing  their  resistance  to  certain  poisons  (acetonitril) . 
Having  had  no  personal  experience  with  this  method,  I  am  not 
in  a  position  to  offer  comment  on  it,  but  since  the  author  found 
that  many  other  conditions,  such  as  a  large  variety  of  diets, 
feeding  of  most  of  the  glands  concerned  with  reproduction,  state 
of  nutrition  of  the  animal,  etc.,  were  capable  of  eliciting  effects 
similar  to  that  produced  by  thyroid  feeding,  although  not  as 
marked,  it  may  be  concluded  that  this  reaction  is  not  specific 
and  is  necessarily  variable. 

It  must  be  considered  that  since  the  thyroid  is  capable  of 
producing  very  marked  physiological  changes  in  an  animal,  it 
must  be  important  to  have  as  test  objects  animals  whose 
thyroid  glands  are  constant  as  regards  their  structure  and  physi- 
ological state  of  efficiency.  Indeed,  Hunt  indicates  that  the 
thyroid  and  other  iodine  compounds,  which  he  tested  by  this 
method,  may  act  through  their  influence  upon  the  animals  thy- 
roid glands.  Since  the  thyroid  gland,  of  all  organs,  is  the  one 
most  subject  to  variations  in  structure  and  function,  it  seems 
Hkely  that  this  method  must  yield  results  varjdng  considerably 
with  the  condition  of  the  thyroids  of  the  test  animals.  How- 
ever, the  method  has  apparently  given  good  results  in  the  hands 
of  its  author,  and  his  conclusions  are  similar  to  those  obtained 
by  the  method  employed  by  me. 

For  example,  it  was  found  by  Hunt  and  Seidell  (10)  that  iodine 
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must  be  in  proper  combination  in  the  thyroid  to  be  physiolog- 
ically effective  and  that  the  therapeutic  efficiency  of  the  thy- 
roid is  in  direct  proportion  to  the  amount  of  iodine  in  such 
combination. 

The  remarkable  specific  effect  on  tadpoles  of  thyroid  feeding, 
described  by  Gudernatsch  (11)  is  extremely  dehcate  and  can  be 
easily  observed. 

Lenhart  (12)  showed  that  desiccated  thyroid  when  fed  to 
tadpoles  causes  effects  on  their  growth  and  differentiation  in 
proportion  to  the  quantity  fed  and  the  amount  of  iodine  present, 
and  indeed,  he  suggests  that  this  sensitive  reaction  might  serve 
as  a  biological  test  for  the  activity  of  the  thyroid,  superior  even 
to  chemical  methods. 

As  mentioned  earlier  in  this  paper,  we  further  found  with  the 
tadpole  test  that  not  only  is  the  effect  in  proportion  to  the  amount 
fed  and  the  amount  of  iodine  present  in  the  gland,  but  that  only 
the  iodine  in  proper  combination  is  capable  of  eliciting  the  specific 
effect.  This  result  was  the  basis  for  the  elaboration  of  the 
method  of  standardization  described  in  this  paper. 

Seven  specimens  of  thyroid  were  obtained  in  retail  prescrip- 
tion pharmacies,  and  were  represented  by  the  following  products:^ 
Parke,  Davis  and  Company  (tablets  and  capsules),  Armour  and 
Company  (powder),  Burroughs-Wellcome  Company  (tablets), 
Mulford  and  Company  (tablets),  and  The  Phospho- Albumen 
Company^  (powder) .  A  specimen  of  desiccated  cattle  thyroid, 
extracted  with  gasoline  and  ether,  which  was  prepared  in  this 
laboratory  from  glands  carefully  selected  as  normal  (from 
gross  appearance)  by  Dr.  Marine  and  myself,  and  having 
an  iodine  content  of  0.215  per  cent  (assayed  by  Dr.  Marine), 
was  used  as  a  standard.  This  preparation  had  previously  been 
used  for  other  investigations  in  this  laboratory  and  its  products 
of  hydrolysis  had  been  studied.    This  increases  its  rehabiUty  as 

1  The  firm  names  are  given  for  the  purpose  of  identification.  It  must  be  re- 
membered that  the  preparations  were  bought  in  the  retail  market  and  are  there- 
fore of  uncertain  age,  and  also  that  this  test  has  not  been  in  use  by  commercial 
firms. 

2  The  druggist  had  this  preparation  in  stock  a  very  long  time,  being  uncertain 
of  its  age. 
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a  Standard.  The  product  A  of  this  specimen  of  thyroid  contained 
1.48  per  cent  of  iodine,  product  B,  0.12  per  cent,  and  the  residue 
0.028  per  cent.  The  amount  of  product  A  obtained  was  about 
one-eighth  of  the  weight  of  the  total  amount  of  thyroid  hydro- 
lyzed.  This  indicates  that  in  this  specimen  there  is  at  least 
about  15  per  cent  of  inactive  iodine,  since  only  product  A  repre- 
sents the  activity  of  the  preparation.  Indeed,  product  A  showed 
an  activity  about  twelve  times  as  great  as  the  thyroid  from  which 
it  was  obtained,  although  its  iodine  content  was  only  seven  times 
as  great,  again  indicating  that  a  substantial  proportion  of  the 
thyroid  iodine  was  inactive. 


DETAILS  OF  METHOD 


A  stock  of  tadpoles  (larvae  of  Rana  pipiens)  was  brought  to 
the  laboratory  on  May  26,  1917,  and  placed  in  large  basins  of 
tap  water  on  tables  in  an  airy  and  well  Hghted  room.  The  stock 
tadpoles  were  fed  with  fresh  liver  on  alternate  days  and  the 
water  changed  daily,  or  on  hot  days  twice  daily.  From  the 
stock  were  selected  a  number  of  tadpoles  of  uniform  size  and 
these  were  placed  in  small  enamelware  dishes  of  about  200  cc. 
capacity,  each  dish  being  about  three-fourths  full  of  tap  water 
and  containing  five  tadpoles.  The  same  plan  of  feeding  was 
carried  out  as  was  followed  by  Lenhart.  Each  series  was  studied 
in  duplicate.  The  water  in  these  dishes  was  changed  twice 
daily,  the  tadpoles  were  fed  fresh  hver  every  other  day  and  the 
thyroid  (in  a  moderately  coarse  powder)  was  fed  on  the  alternate 
days.  It  was  found  convenient  to  feed  the  liver  about  two  or 
three  hours  before  the  second  change  of  water,  so  that  it  would 
not  remain  in  the  dishes  over  night,  thus  preventing  putrefac- 
tion in  hot  weather.  The  thyroid  was  fed  after  the  second  change 
of  water  and  remained  in  the  dishes  until  the  next  morning, 
when  the  water  was  changed  and  the  dishes  rinsed  thoroughly! 
Along  with  each  series  were  placed  three  dishes,  each  containing 
five  tadpoles,  these  serving  as  controls.  The  controls  were  given 
only  hver  on  alternating  days  and  their  water  was  changed  t^^dce 
daily.    The  dishes  were  placed  in  duplicates  upon  long  tables  in 
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a  large  room,  which  was  well  ventilated  and  free  from  chemical 
fumes.    The  light  in  the  room  was  good.  • 

A  preliminary  series  was  observed,  to  form  a  general  idea  of 
the  approximate  comparative  values  of  the  different  prepara- 
tions. In  this  set,  which  was  started  on  May  29,  1917,  the  tad- 
poles were  fed  with  60,  30,  10,  5  mgm.  doses  of  each  prepara- 
tion. Having  ascertained  the  relative  effects  of  the  various 
products,  another  series  was  started,  on  June  6,  1917,  the  doses 
being  reduced  to  30,  10,  5,  2  mgm.,  it  being  found  that  60  mgm. 
was  too  high  a  dose  to  give  comparative  results,  as  the  action 
produced  was,  in  most  cases,  too  rapid.  A  tabulation  of  the 
notes  of  this  series,  in  condensed  form,  is  given  in  table  1. 

A  third  series,  with  doses  of  20,  10,  5  mgm.  was  started  on 
June  20,  1917,  with  older  tadpoles  and  gave  results  closely  corre- 
sponding to  the  second  series.  It  was  found  that  the  best  re- 
sults were  obtained  with  tadpoles  somewhat  older  (two  to  four 
weeks)  than  those  employed  in  the  first  series  (seven  to  ten  days) . 
The  effect  was  most  easily  demonstrated  in  tadpoles  whose  bodies 
were  about  6  to  8  mm.  in  length. 

The  estimation  of  the  physiological  activity  is  easily  done 
by  observing  the  dose  and  time  required  for  a  certain  effect  on 
differentiation  and  growth  to  become  manifest.  It  is  a  simple 
matter  to  determine  the  amount  of  a  given  preparation  of  thy- 
roid necessary  to  produce  a  like  effect  in  the  same  time.  Phys- 
iological methods  of  assay  cannot,  at  best,  be  as  accurate  as 
chemical  methods.  However,  a  difference  of  more  than  10  per 
cent  of  the  active  iodine  could  be  easily  detected  by  this  method 
and  it  is  certainly  not  important  to  determine  the  physiological 
value  of  a  therapeutic  agent  of  this  type  to  a  closer  degree  than 
about  10  per  cent.  The  relative  values  of  the  different  prepara- 
tions are  expressed  in  the  table  with  reference  to  the  cattle 
thyroid  preparation  taken  as  100. 

It  will  be  seen  from  the  results  tabulated  that  the  effects  pro- 
duced by  specimen  G  is  roughly  in  proportion  to  its  iodine  con- 
tent and  also  that  specimen  F,  which  contained  the  same  amount 
of  iodine  as  the  active  specimens,  produced  an  effect  equal  to 
only  about  one-half  the  effect  of  the  standard,  while  specimen  H 


STANDARDIZATION  OF  THYROID  PREPARATIONS  207- 


showed  a  very  low  activity  in  comparison  with  its  iodine  content. 
This  again  emphasizes  the  fact  that  the  value  of  thyroid  is  in  pro- 
portion, not  to  its  total  iodine,  but  to  the  iodine  in  combination. 

The  possible  objection  to  this  method  may  be  made  that  tad- 
poles are  not  available  at  all  times  of  the  year.  Since  the  growth 
and  development  of  the  stock  tadpoles  can  be  retarded  for  a 
relatively  long  period,  by  keeping  them  in  a  cold  place,  it  is 
possible  to  utilize  nearly  all  of  the  summer  months  for  this  kind 
of  work  and  it  is  probable  also  that  by  raising  tadpoles  and  frogs 
on  a  large  scale,  it  might  be  possible  to  regulate  temperature 
and  other  conditions  so  that  tadpoles  could  be  available  during 
a  greater  part  of  a  year.  At  any  rate,  stock  di  thyroid  accumu- 
lated in  the  winter  would  be  available  for  assay  during  the 
proper  period,  since  it  would  not  change  if  kept  with  reasonable 
precautions. 

SUMMARY 

A  method  is  described  in  which  the  specific  action  of  thyroid 
upon  tadpoles  is  used  to  assay  the  physiological  value  of  com- 
mercial thyroid  preparations. 

Of  seven  products  purchased  in  retail  drugstores,  two  indi- 
cated about  20  per  cent  more  activity  than  a  standard  prepara- 
tion, two  were  equal  in  value  to  the  standard,  one  somewhat 
more  than  50  per  cent  of  the  standard,  one  less  than  50  per  cent, 
and  one  was  a  practically  worthless  preparation — being  only 
about  10  to  20  per  cent  of  the  value  of  the  standard. 
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FEEDING  EXPERIMENTS  ON  TADPOLES. 

By  ALLEN  GRAHAM,  M.D. 

(From  the  H.  K.  Cushing  Laboratory  of  Experimental  Medicine  and  the 
Department  of  Surgery  of  Western  Reserve  University,  Cleveland.) 
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(Received  for  publication,  June  13,  1916.) 

In  1912  and  1914  Gudernatsch^  published  the  results  of  his  experiments  on 
feeding  thyroid  and  other  animal  tissues  to  tadpoles.  He  concluded  that  thyroid 
has  the  "power  to  excite  differentiation,  but  it  lacks  the  power  to  cause  growth." 
He  used  for  these  experiments  fresh  thyroid  glands,  the  iodine  content  of  which 
was  not  determined. 

In  1914  Lenhart^  carried  out  experiments  along  the  same  line  as  regards  the 
thyroid,  using  for  this  purpose  desiccated  human,  canine,  sheep,  and  ox  thyroids 
with  iodine  determinations  on  each  specimen.  He  states  that  "the  feeding  of 
dried  thyroid  gland  to  tadpoles  causes  an  early  differentiation  in  proportion  to 
the  quantity  fed  or  the  percentage  of  iodine  content  of  the  gland  used,"  and  that 
thyroids  with  sufficiently  low  iodine  content  caused  earlier  differentiation  but  did 
not  interfere  materially  with  growth.    "It  all  seems  a  question  of  dosage." 

In  Lenhart's  work  non- tumorous  thyroid  tissue  was  used.  Since 
it  has  been  established  that  the  action  of  non-tumorous  thyroid  on 
tadpoles  is  dependent  upon  the  iodine  content,  the  following  study 
was  made  to  determine  whether  or  not  the  so  called  tumors  (adeno- 

1  Gudernatsch,  J.  F.,  Feeding  Experiments  on  Tadpoles.  I.  The  Influence  of 
Specific  Organs  Given  as  Food  on  Growth  and  Differentiation,  Arch.  Entwcklngs- 
mechn.  Organ.,  1913,  xxxv,  457;  Feeding  Experiments  on  Tadpoles.  II.  A  Further 
Contribution  to  the  Knowledge  of  Organs  with  Internal  Secretion,  Am.  J.  Anat., 
1913-14,  XV,  431. 

2  Lenhart,  C.  H.,  The  Influence  upon  Tadpoles  of  Feeding  Desiccated  Thyroid 
Gland  in  Variable  Amounts  and  of  Variable  Iodine  Contents,  J.  Exp.  Med.,  1915 
xxii,  739. 
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mata)  of  the  thyroid,  including  carcinoma,  would  have  the  same  ac- 
tion as  non-tumorous  thyroid  and  whether  this  action  corresponds  to 
the  iodine  content  of  the  tumors. 

For  this  purpose  tadpoles  {Rana  pipiens  and  Rana  clamata)  were 
brought  to  the  laboratory  on  May  8,  1915.  They  were  fairly  uniform 
in  size  (10  to  13  mm.)  and  age  (estimated  at  about  1  week).  The 
stock  was  kept  in  the  laboratory  in  large  granite  basins  and  fed  on 
fresh  hver  every  day,  the  water  (city  tap)  being  changed  once  each 
day. 

Thyroid  Preparations. — Human  thyroids  were  used  in  the  experi- 
ments (Table  I).  Twenty-one  specimens  of  desiccated  thyroid  were 
prepared  from  eighteen  glands  removed  in  Dr.  Crile'schnic  at  Lakeside 
Hospital.  Except  in  the  case  of  No.  16  the  portions  of  the  fresh  gland 
to  be  used  were  chopped  fine,  placed  in  a  drying  oven  at  70°C.  within 
1  hour  after  removal,  and  allowed  to  remain  in  the  desiccator  from  4 
to  6  days;  they  were  then  ground  to  a  fine  powder  in  a  mortar  and 
kept  in  sterile  bottles  until  used.  Iodine  determinations  were  done 
on  each  specimen.^  No.  16  was  prepared  from  the  same  gland  as  No. 
15  after  the  latter  had  been  fixed  in  formahn.  This  was  done  to  de- 
termine the  effect  of  formalin  fijcation  on  the  iodine  content  and  the 
action  on  tadpoles. 

The  list  of  thyroids  includes  two  simple  adolescent  colloid  goiters 
(Nos.  12,  15,  and  16)  without  tumors  or  complications;  one  unclassi- 
fied gland  (No.  3)  which  probably  represents  a  stage  between  simple 
colloid  goiter  and  diffuse  colloid  adenomatous  goiter;  and  three  dif- 
fuse colloid  adenomatous  goiters  (Nos.  1,2,  6,  and  17)  in  which  there 
was  a  diffuse  colloid  adenomatous  change  throughout  the  whole  gland. 
There  were  also  eleven  glands  with  well  encapsulated  single  or  multiple 
adenomata  of  the  fetal  series  in  various  stages  of  growth  and  differ- 
entiation from  the  almost  pure  fetal  type  to  the  well  differentiated 
colloid  or  simple  adenoma.  Many  of  these  showed  some  or  all  of  the 
secondary  degenerative  changes  frequently  occurring  in  these  tumors; 
namely,  edema,  recent  and  old  hemorrhage,  hyahne  scars,  and  areas 
of  calcification  and  cyst  formation.  This  group  includes  in  the  order 
of  their  increasing  differentiation  Nos.  21,  19,  8,  4,  13,  20,  9,  10,  18, 

^  The  iodine  determinations  were  done  by  Dr.  Marine. 


TABLE  I. 
Desiccated  Thyroid  Preparations. 


Thyroid  , 
No. 

Specime 
No. 

1 

< 

Duration 
of  goiter. 

yrs 

yrs. 

1 

11,714 

5/ 

20 

2 

11,714 

57 

20 

3 

11,725 

26 

12 

4 

11,765 

29 

16 

5 

11,818 

30 

18 

6 

11,819 

55 

31 

7 

11,821 

34 

7 

8 

11,825 

47 

15 

9 

11,836 

44 

14 

10 

11,836 

44 

14 

11 

11,844 

61 

12 

12 

11,878 

21 

6 

13 

11,886 

47 

40 

14 

11,898 

58 

n 

15 

11,904 

18 

2 

16 

11,904 

18 

2 

17 

11,932 

29 

20 

18 

11,933 

55 

12 

19 

11,938 

31 

16 

20 

11,939 

44 

21 

11,944 

27 

9 

Clinical  diagnosis. 


Goiter,  adenomatous. 


colloid,  multiple. 
Goiter,  adenomatous. 


colloid, 
adenomatous. 


multiple. 

colloid, 
adenomatous. 
Adenoma. 

Colloid  goiter.  Appendi- 
citis. 

Colloid  goiter.  Appendi- 
citis. 

Colloid  goiter. 

Goiter,  adenomatous. 


exophthalmic, 
adenomatous. 


gm 
700 

700 

735 

70 
200 
225 
173 

145 
90 
90 
70 

192 
14 
273 
87 
87 

710 
545 

40 

75 

250 


Pathological  diagnosis. 


Diffuse  colloid  adenom- 
atous goiter. 

Diffuse  colloid  adenom 
atous  goiter. 

Unclassified. 


Hyperplastic  interme- 
diate adenoma. 
Intermediate  adenoma, 

well  differentiated. 
Diffuse  colloid  adenom- 
atous goiter. 
Multiple  intermediate 
adenoma,  well  dif- 
ferentiated. 
Intermediate  adenoma. 

Multiple  intermediate 

adenoma. 
Multiple  intermediate 

adenoma. 
Multiple  intermediate 
adenoma,  well  differ- 
entiated. 
Colloid  goiter,  adoles- 
cent type. 
Multiple  intermediate 

adenoma. 
Carcinoma;  malignant 

adenoma. 
Colloid  goiter,  adoles- 
cent type. 
Colloid  goiter,  adoles- 
cent type.  (Formalin 
fixation.) 
Diffuse  colloid  adenom- 
atous goiter. 
Degenerating  cystic  in- 
termediate adenoma. 
Intermediate  adenoma. 

Multiple  intermediate 
adenoma,  well  dif- 
ferentiated. 
Fetal  adenoma. 
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11,  7,  and  5.  There  was  one  carcinoma  (No.  14)  of  the  malignant 
adenoma  type. 

In  Nos.  1  and  2,  9  and  10,  and  15  and  16,  two  preparations  were 
made  from  each  of  three  different  glands.  No.  20  was  diagnosed  as 
exophthalmic  goiter,  and  No.  13  had  been  treated  in  the  cUnic  1 
year  previously  for  exophthalmic  goiter.  The  others  were  diagnosed 
as  simple  colloid  goiter  or  simple  adenomatous  goiter  before  operation. 
The  carcinoma  was  not  diagnosed  as  a  maHgnant  tumor  before 
operation. 

In  the  preparation  of  the  specimens  of  adenomata  the  tumorous  tis- 
sue was  stripped  from  its  capsule,  care  being  taken  not  to  include  any 
of  the  surrounding  non-tumorous  thyroid  tissue.  In  the  case  of  the 
diffuse  colloid  adenomatous  goiters,  individual  adenomatous  nodules 
were  shelled  out  with  their  capsules  and  the  total  mass  was  treated  as 
described. 

EXPERIMENTAL. 

Series  A. — May  11  to  June  10, 1915  (duration,  31  days).  The  tadpoles  were 
kept  on  a  table  in  the  center  of  the  room  so  that  light  and  temperature  conditions 
were  the  same  for  all.  Temperatures  of  the  room  and  water  were  recorded  each 
day. 

Five  tadpoles  were  placed  in  each  of  twenty-one  granite  dishes  of  about  500 
cc.  capacity,  using  300  cc.  of  city  tap  water.  Four  basins  with  five  tadpoles 
each  were  used  as  controls.  Sample  tadpoles  were  kUled  in  formalin  at  the 
beginning  of  the  experiment  for  standards  of  comparison.  The  tadpoles  for 
exper'ment  were  fed  50  mg.  of  desiccated  thyroids,  Nos.  1  to  21,  every  2nd  day, 
alternating  with  fresh  liver.  The  controls  were  fed  fresh  liver  every  2nd  day. 
The  tadpoles  in  this  series  were  not  so  imiform  in  size  as  was  desired. 

For  this  series  merely  the  date  of  death  in  the  different  dishes  may 
be  given.  The  action  of  the  different  specimens  of  thyroid  was  essen- 
tially the  same  as  to  emaciation,  growth,  and  differentiation  as  in 
Series  B  which  is  to  be  described  in  detail  and  will  serve  for  both. 

The  following  tabulation  in  conjunction  with  Fig.  1  gives  a  fair 
idea  as  to  the  time  of  death  of  the  tadpoles  and  their  condition  at  the 
time  of  death  or  at  the  termination  of  the  experunent  when  they 
were  killed  in  formalin. 
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Thyroid  No. 

20 
5 

13 
IS 
16 

7 

4 
12 

3 

6 

1 

17 
11 
10 

2 
18 

8 
19 
21 
14 

9 

Controls. 


Iodine. 

ms. 

4.31 

1.31 

1.23 

1.00 

0.85 

0.85 

0.69 

0.58 

0.55 

0.43 

0.22 

0.18 

0.17 

0.15 

0.12 

0.07 

0.06 

0.06 

0.00 

0.00 

0.00 


Result. 


All  dead  in  14  days. 

16  " 


« 
« 

« 


« 

<( 
« 

« 


Two  " 
All  " 


21 
22 
24 
19 
28 
24 
26 
29 


« 

« 


three  lived. 


All  alive  at  end  of  31  days. 
One  dead  in  25  days;  four  lived. 
Two  "     "  29  "  ;  three  " 

>    All  alive  at  end  of  31  days. 

One  dead  in  30  days;  four  lived. 
All  but  one,  No.  14,  lived  31  days. 


Average 

time 
of  death. 

days 

12.4 

13.8 

12.8 

21 

22 

16 

23 

22.4 
31 

22.8 

31 
31 


31 


Sixteen  lived  31  days;  no  forelegs  present.    Four  died  showing  no  other 
differentiation  than  shght  growth  of  the  posterior  leg  buds. 


Definite  changes  were  first  noticed  in  this  series  on  the  6th  day  in 
Nos.  20,  5,  13,  15,  and  12.  There  was  some  wasting,  beginning  atro- 
phy of  the  tail,  and  increased  growth  of  the  posterior  leg  buds.  At 
the  time  of  death  all  these,  as  well  as  Nos.  16,  6,  4,  and  7,  were  smaller 
than  the  samples  or  the  controls  and  showed  much  more  differentia- 
tion than  the  controls. 

As  to  the  appearance  of  forelegs  it  is  noteworthy  that  in  the  tad- 
poles in  No.  20,  four  of  which  died  in  12  days,  all  had  visible  left 
foreleg  buds.  In  No.  5  all  died  between  the  14th  and  16th  days  and 
all  showed  foreleg  buds.  In  No.  13  two  died  in  10  days  with  foreleg 
buds  scarcely  visible;  forelegs  were  present  on  the  other  three.  In  No. 
15  all  died  between  the  20th  and  22nd  days;  foreleg  buds  were  pres- 
ent on  two  and  doubtful  on  the  other  three. 

Others  in  this  series  developed  forelegs  at  different  times  correspond- 
ing closely  in  this  and  other  respects  with  Series  B.  It  is  interesting 
to  point  out,  however,  that  the  large  percentage  of  tadpoles  living  31 
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days  were  being  fed  on  thyroids  with  iodine  contents  of  0.22  mg.  or 
less.  It  is  also  interesting  that  all  these  latter  grew  as  much  or 
more  than  the  controls,  and  most  of  them  showed  a  greater  degree  of 
differentiation. 

Series  5.— May  11  to  June  28,  1915  (duration,  49  days).  The  procedure  was 
the  same  as  that  in  Series  A,  but  smaller,  white  porcelain  dishes  with  150  cc.  of 
water  were  used.    The  tadpoles  in  this  series  were  quite  uniform  in  size. 

Table  II  and  Fig.  2  give  the  results  in  this  series,  using  the  time  of 
appearance  of  the  first  foreleg  as  an  index  to  differentiation.  This 
we  think  is  justifiable  because  with  the  most  active  thyroid  prepara- 
tions used,  and  even  in  those  tadpoles  dying  as  early  as  8  days  this 
evidence  of  differentiation  was  present.    It  also  offers  a  convenient 

TABLE  II. 


Series  B,  Arranged  According  to  Iodine  Content. 


Thyroid  No. 

Iodine  content. 

Time  of  appearance 
of  first  foreleg. 

Average  time  of 
appearance  of 
first  foreleg. 

Average  time  of 
death  or  killing. 

mg. 

days 

days 

days 

20 

4.31 

12 

12.8 

12.8 

5 

1.31 

12 

12.6 

12.4 

13 

1.23 

14 

17.2 

17.2 

15 

1.00 

16 

21.7 

23.2 

16 

0.85 

21 

25.6 

25.0 

7 

0.85 

22 

23.6 

24.4 

4 

0.69 

8 

19.6 

20.6 

12 

0.58 

25 

25.0 

28.4 

3 

0.55 

25 

32.0 

38.4 

6 

0.43 

31 

37.8 

39.4 

1 

0.22 

34 

42.2 

45.2 

17 

0.18 

38 

40.0 

42.0 

11 

0.17 

34 

43.7 

42.8 

10 

0.15 

38 

40.0 

45.0 

2 

0.12 

41 

41.0 

29.0 

18 

0.07 

36 

38.0 

33.0 

8 

0.06 

40 

44.5 

47.0 

19 

0.06 

40 

41.6 

39.4 

21 

0.00  or  trace. 

40 

46.4 

48.2 

14 

0.00  "  " 

37 

45.6 

46.4 

9 

0.00  "  " 

40 

43.2 

45.0 

45 
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and  useful  method  of  comparison  in  determining  the  action  of  desic- 
cated thyroid  in  causing  differentiation  of  tadpoles.  This  is  usually 
a  fairly  decisive  indicator  and  may  be  readily  recognized  within  a 
period  of  24  hours  of  its  occurrence. 

In  comparing  Series  A  and  B  it  is  interesting  to  note  that  in  Nos. 
20,  5,  13,  15,  16,  7,  4,  and  12,  with  iodine  contents  varying  from  4.31 
to  0.58  mg.,  all  the  tadpoles  were  dead  in  each  series  at  the  end  of 
31  days,  the  duration  of  Series  A.    In  No.  3  (iodine  content,  0.55 

TABLE  m. 


Series  B,  Arranged  According  to  Effects  Observed  on  the  14th  Day  of  the  Experiment. 


Thyroid  No. 

Iodine  content. 

Time  of  appearance 
of  first  foreleg. 

Average  time  of 

appearance 
of  first  foreleg. 

Average  time  of 
death  or  killing. 

20 
5 
13 

4.31-1.23 

days 

12-14 

days 

12.6-17.2 

days 

12.4-17.2 

15 

1.00 

16 

21.7 

23.2 

16 

7 

4 
12 

3 

6  . 

0.85-0.43 

21-31 
(No.   4   in  8 
days.) 

19.6-37.8 

24.4-39.4 
(No.  4  in  20.6 
days.) 

1 
17 
11 
10 

2 

0.22-0.12 

34-41 

40-i3.7 

42-45.2 
(No.  2  in  29  days.) 

18 
8 
19 

0.07-0.06 

36-40 

38-44.5 

33^7 

21 
14 
9 

Trace  to  0.00 

37-40 

43.2-46.4 

45^8.2 

Controls  

45 
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mg.),  two  tadpoles  in  Series  A  and  one  in  Series  B  were  dead.  In 
No.  6  (iodine  content,  0.43  mg.)  all  were  dead  in  Series  A  but  only 
one  in  Series  B.  Below  this  level  of  iodine  content  (0.22  to  0.00  or 
trace)  91  per  cent  of  each  series  were  still  living  at  the  end  of  31  days. 
It  is  evident  then  that  a  detailed  description  of  the  results  in  Series  B 
will  suflB.ce  for  both  within  the  time  limits  of  31  days.  Series  B  is 
chosen  for  detailed  study  because  of  its  longer  duration  (49  days). 

The  action  of  the  desiccated  thyroid  was  striking  and  consistent. 
On  the  14th  day  of  the  experiment,  before  the  iodine  contents  of  the 
different  thyroid  preparations  had  been  determined,  the  tadpoles  were 
grouped  according  to  the  effect  and  the  relative  iodine  contents  of  the 
different  preparations  predicted  upon  this  basis.  The  prediction  was 
correct  with  iodine  contents  from  4.31  down  to  0.43  mg.  in  the  order 
given  in  Table  III.  Below  the  level  of  0.22  individual  distinctions 
could  not  be  made  out  with  certainty,  but  all  in  this  group  were  less 
affected  than  those  receiving  specimens  with  higher  iodine  contents. 

Protocols. 

Thyroid  20. — Changes  were  first  observed  in  this  dish  on  the  5th  day;  that  is, 
after  the  second  dose  of  thyroid.  The  change  consisted  of  beginning  kite-shaped 
appearance,  prominence  of  the  head,  diminution  in  size  or  wasting,  beginning 
atrophy  of  the  tail,  and  increased  growth  of  the  hind  leg  buds.  Three  of  these 
died  on  the  12th  day  and  two  on  the  14th.  All  showed  the  characteristic  changes 
and  all  at  the  time  of  death  had  visible  left  foreleg  buds;  all  were  smaller  than  the 
samples  or  controls.    One  became  edematous. 

Thyroid  5.— The  changes,  first  noticed  on  the  5th  day,  were  the  same  as  m  No. 
20.  Four  died  on  the  12th  day  and  one  on  the  14th,  showing  marked  wasting 
and  tail  atrophy;  three  had  a  frog-shaped  body  and  two  were  definitely  kite- 
shaped.  At  the  time  of  death  left  foreleg  buds  were  visible  on  three  and  not  ob- 
served on  two;  all  were  smaller  than  the  samples  or  controls;  two  were  somewhat 
edematous. 

Thyroid  iJ.— The  changes,  first  observed  on  the  6th  day,  were  similar  to  those 
in  Nos.  20  and  5.  One  died  on  the  14th  day,  two  on  the  16th,  and  two  on  the 
20th.  The  left  foreleg  was  present  on  each.  One  dying  on  the  20th  day  had 
both  foreleg  buds.  All  were  smaller  than  the  samples  or  controls ;  four  were  some- 
what edematous.  <  u  j  ah 

Thyroid  i5.— Changes  similar  to  the  above  were  observed  on  the  6th  day.  All 
showed  marked  wasting,  tail  atrophy,  and  considerable  differentiation.  These 
died  on  the  16th,  23rd,  24th,  25th.  and  28th  days,  respectively.  Two  had  left 
foreleg  buds  present  at  the  time  of  death;  the  one  dying  on  the  28th  day  had 
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both  forelegs  and  the  body  was  beginning  to  present  the  typical  frog  shape.  One 
in  this  dish  was  lost. 

Thyroid  i<J.— Changes  were  first  observed  on  the  7th  day.  One  died  on  the 
21st  day,  2  in  24  days,  and  2  in  28  days.  The  left  foreleg  was  present  on  three; 
not  observed  on  two.  All  in  this  dish  were  quite  edematous;  all  showed  typical 
head  changes  and  some  were  assuming  frog-shaped  bodies. 

Thyroid  7.— Changes  were  first  observed  on  the  7th  day.  Three  died  in  22 
days,  and  two  in  28  days.  The  left  foreleg  bud  was  present  on  all;  all  showed 
typical  changes  and  were  assuming  frog  bodies;  slight  edema  in  all. 

Thyroid  4.— Slight  change  of  shape  was  first  observed  on  the  7th  day.  These 
tadpoles  died  in  8,  22,  23,  24,  and  26  days.  All  were  smaller  than  the  controls; 
four  were  edematous.  They  showed  various  degrees  of  tail  atrophy  and  were 
slightly  kite-shaped.  The  three  dying  in  8,  24,  and  26  days,  respectively,  had 
left  foreleg  buds.    None  were  observed  on  the  other  two. 

Thyroid  12. — Slight  change  of  shape  was  first  observed  on  the  7th  day.  One 
died  in  26  days,  two  in  28,  and  two  in  30.  The  first  was  highly  edematous  and 
showed  no  differentiation  beyond  the  controls;  no  foreleg  bud.  The  others  were 
small  and  had  frog-like  bodies;  the  left  foreleg  bud  was  present  on  each;  tail  atro- 
phy one-half  to  two-thirds. 

Thyroid  3. — ^A  slight  change  of  shape  was  first  observed  on  the  8th  day. 
One  died  in  28  days,  one  in  36,  two  in  40,  and  one  in  48.  The  first  had  a  tadpole 
body,  no  tail  atrophy,  posterior  leg  buds  about  the  same  as  the  controls  and  no 
forelegs,  and  was  highly  edematous.  The  second  had  slight  tail  atrophy  and  the 
left  foreleg  bud  through  the  skin;  it  was  smaller  than  the  control.  The  other 
three  had  frog-like  bodies;  both  forelegs  were  present  on  each;  tail  atrophy  one- 
third  to  two-thirds. 

Thyroid  6. — In  this  dish  it  was  doubtful  whether  definite  changes  could  be  made 
out  on  the  8th  day.  The  tadpoles  died  in  31,  36,  39,  42,  and  49  days.  At  the 
time  of  death  all  had  left  forelegs;  the  third  and  fourth  had  both  forelegs,  and  on 
the  fifth  the  right  foreleg  was  present  under  the  skin.  Three  had  typical  frog- 
shaped  bodies  and  two  were  slightly  frog-shaped. 

Thyroid  1. — No  change  was  observed  up  to  the  8th  day.  Four  died  in  40,  43, 
45,  and  49  days,  respectively.  AU  were  well  differentiated  frogs  with  almost 
complete  atrophy  of  the  tail.  One  which  lived  49  days  had  a  tadpole  body  and 
no  forelegs.  This  is  the  first  tadpole  of  the  series  fed  on  thyroid  with  iodine  of 
0.22  mg.  or  above  which  lived  the  49  days  of  the  experiment.  Above  this  level 
of  iodine  content  the  tadpoles  showed  progressive  degrees  of  wasting,  and  early  dif- 
ferentiation in  proportion  to  the  iodine  content.  In  none  of  these  did  the  thyroid- 
fed  tadpoles  keep  up  with  the  controls  as  to  growth  (size),  but  of  course  they 
showed  greater  differentiation.  Below  this  level  of  iodine  content  the  thyroid- 
fed  tadpoles  grew  as  well  as,  and  in  many  cases  better  than  the  controls  (growth 
inversely  proportional  to  the  iodine  content).  At  the  same  tune  there  was  a 
greater  degree  of  differentiation  among  the  low  iodine-fed  tadpoles  as  compared 
with  the  controls. 
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Thyroid  17.— In  the  frogs  in  this  dish  forelegs  appeared  in  38,  39,  40,  41,  and  42 
days.  The  first  four  developed  into  normal  frogs  with  well  developed  and  func- 
tioning fore-  and  hind  legs  and  were  killed  in  formalin  on  the  41st  day.  The  last 
one  developed  into  a  normal  frog  and  was  killed  on  the  46th  day. 

Thyroid  11.— One  died  in  34  days,  with  beginning  atrophy  of  the  tail  slight 
changes  about  the  head,  and  no  forelegs.  This  one  was  smaller  than  the  con- 
trols. The  other  four  developed  forelegs  in  34,  39,  46,  and  46  days,  respectively. 
Two  of  these  were  killed  in  42  days,  and  the  last  two  died  on  the  48th  day.  AH 
four  were  well  developed  frogs. 

Thyroid  iO.— Forelegs  appeared  in  38,  39,  and  43  days  on  three.  These  devel- 
oped into  normal  frogs;  one  died  on  the  40th  day  and  two  were  killed  on  the  43rd 
and  46th  days.  The  other  two  became  highly  edematous,  showed  no  greater  dif- 
ferentiation than  the  controls,  and  were  killed  on  the  48th  day. 

Thyroid  2.— In  this  dish  the  tadpoles  died  in  11,  22,  34,  37,  and  41  days.  The 
first  three  maintained  the  tadpole  body,  had  no  atrophy  of  the  tail,  and  developed 
no  forelegs.  Some  of  these  were  counted  accidental  deaths  and  not  attributed  to 
thyroid  action.  The  fourth,  dead  on  the  37th  day,  was  becoming  frog-shaped; 
no  tail  atrophy;  no  forelegs.  The  fifth  was  the  only  one  that  developed  a  foreleg 
(41st  day).  This  one  had  a  well  developed  frog-shaped  body;  tail  atrophy  about 
one-half. 

Thyroid  18. — One  of  these  was  lost;  two  died  in  15  and  35  days;  and  two  lived 
41  days  and  were  killed  in  formalin.  The  first  (15  days)  showed  little  or  no  dif- 
ferentiation beyond  the  controls;  no  forelegs.  The  second  (35  days)  had  well 
developed  hind  legs  and  was  assuming  a  frog-shaped  body;  no  forelegs  or  tail  atro- 
phy. The  third  and  fourth  developed  forelegs  in  36  and  40  days,  respectively, 
and  were  killed  on  the  40th  day.  One  of  these  was  a  well  developed  frog  with 
almost  complete  atrophy  of  the  tail ;  the  other  developed  good  fore-  and  hind  legs, 
with  little  atrophy  of  the  tail,  and  was  highly  edematous. 

Thyroid  8. — Four  developed  forelegs  in  40,  42,  48,  and  48  days,  respectively. 
One,  which  lived  49  days,  had  a  tadpole  body,  no  tail  atrophy,  and  no  forelegs. 
The  first  three  developed  into  normal  frogs  with  functioning  fore-  and  hind  legs. 
The  fourth  had  both  forelegs  but  a  tadpole  body  and  little  atrophy  of  the 
tail.  The  fourth  and  fifth,  both  having  a  tadpole  body,  were  larger  than  the 
controls. 

Thyroid  19. — Two  died  in  28  and  35  days,  respectively,  without  forelegs.  Tail 
atrophy  had  begun,  one  having  a  tadpole  body,  the  other  becoming  frog-shaped. 
Two  developed  forelegs  in  40  days,  became  normal  frogs,  and  were  killed  on  the 
43rd  day.  The  last  one  developed  forelegs  on  the  45th  day,  and  when  killed  on 
the  48th  day  was  fairly  well  differentiated. 

Thyroid  Forelegs  appeared  in  40,  46,  48,  49,  and  49  days,  respectively. 
The  first  developed  into  a  normal  frog  and  was  killed  on  the  45th  day.  The  other 
four  lived  49  days;  two  of  these  had  well  developed  frog-shaped  bodies,  tail  atro- 
phy one-third,  and  functioning  fore-  and  hind  legs;  one  had  the  left  foreleg;  and 
the  last  one  had  the  left  foreleg  under  the  skin. 
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Thyroid  Forelegs  appeared  in  37,  45,  48,  49,  and  49  days,  respectively. 
The  first  died  in  37  days,  with  a  tadpole  body,  slight  changes  about  the  head,  and 
the  left  foreleg  under  the  skin;  it  was  about  the  size  of  the  controls.  The  second 
developed  into  a  normal  frog  with  functioning  fore-  and  hind  legs.  The  third 
had  a  well  developed  frog  body,  tail  atrophy  one-third,  and  the  left  foreleg  pres- 
ent. The  fourth  and  fifth  were  becoming  frog-shaped,  had  slight  tail  atrophy, 
and  left  forelegs  under  the  skin. 

Thyroid  9. — Four  developed  forelegs  in  40,  40,  45,  and  48  days,  respectively. 
These  were  well  differentiated,  had  functioning  fore-  and  hind  legs,  and  various 
degrees  of  tail  atrophy.    The  fifth  was  killed  on  the  43rd  day;  highly  edematous. 

Controls. — There  were  four  dishes  with  five  tadpoles  in  each.  These  received 
fresh  liver  every  2nd  day.  The  first  one  developed  the  left  foreleg  on  the  45th 
day  and  died  on  the  48th  day,  a  well  differentiated  frog.  On  the  49th  day  there 
were  four  dead,  one  with  well  developed  hind  legs  and  a  left  foreleg,  also  beginning 
tail  atrophy;  one  with  well  developed  hind  legs  and  no  forelegs;  the  other  two  were 
well  preserved  tadpoles  with  short  posterior  leg  buds,  no  forelegs,  and  no  tail 
atrophy.    Fifteen  lived  for  49  days  and  were  well  preserved  tadpoles. 

Fig.  2  shows  the  condition  of  the  tadpoles  in  this  series  at  the  time 
of  death  or  termination  of  the  experiment  when  they  were  killed  in 
formalin.  The  different  groups  are  arranged  according  to  the  decreas- 
ing iodine  content  with  the  controls  and  samples  last.  The  individu- 
als of  each  dish  are  arranged  from  left  to  right  according  to  the  time 
of  death;  e.g.,  in  No.  20  the  first  three  from  left  to  right  died  in  12 
days  and  the  fourth  and  fifth  died  in  14  days. 

We  have  no  satisfactory  explanation  for  the  pecuHar  edematous  ap- 
pearance of  some  of  the  tadpoles.  This  was  observed  in  individuals 
in  different  dishes  without  regard  to  the  iodine  content  and  appeared 
in  some  of  the  controls. 

Series  C  and  D  were  for  the  purpose  of  determining  the  action  of 
desiccated  thyroid  on  a  different  variety  of  tadpoles  and  at  varying 
ages  of  this  species  {Rana  cateshiana). 

Series  C— May  25  to  June  10,  1915  (duration,  17  days).    (Fig.  3.) 

Tadpoles  averaging  4  cm.  in  length  were  used  in  this  series.  Three  were  killed 
m  formalin  at  the  beginning  of  the  experiment  for  comparison;  three  were  used 
as  controls  and  fed  fresh  liver  every  2nd  day;  the  experimental  tadpoles  were  fed 
50  mg.  of  Thyroids  20,  15,  12,  17,  and  14  with  iodine  contents  of  4.31,  1.0,  0.58, 
0.18,  and  0.0,  or  trace,  every  2nd  day,  alternating  with  fresh  liver.  At  the  be- 
gmning  of  the  experiment  the  tadpoles  had  an  average  length  of  4  cm.,  just  visible 
posterior  leg  buds,  tadpole  bodies,  and  no  sign  of  forelegs. 

The  controls  aU  lived  17  days  and  were  kiUed  in  formalin.    They  had  an  aver- 
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age  length  of  4.3  cm.,  maintained  the  tadpole  body,  and  showed  slight  increase  in 
the  posterior  leg  buds  as  compared  with  the  samples. 

Thyroid  14.—k\\  lived  17  days  and  were  kHled  in  formalin,  had  an  average 
length  of  4.2  cm.,  tadpole  bodies,  slightly  better  growth  of  the  posterior  leg  buds 
than  the  controls,  and  no  forelegs. 

Thyroid  17— AM  these  were  lost. 

Thyroid  12.—0n&  was  lost.  One  died  in  12  days,  showing  marked  wasting  and 
tail  atrophy;  considerable  growth  of  the  hind  legs;  left  foreleg  bud  present;  begin- 
ning frog-shaped  body;  length  2.5  cm.  The  third  lived  17  days  and  was  kiUed  in 
formalin.  This  one  was  3  cm.  in  length;  the  body  was  becoming  frog-shaped; 
left  foreleg  bud  present;  tail  atrophy  about  one-third. 

Thyroid  15— Two  died  in  1 1  days.  Each  measured  2.3  cm. ;  there  was  marked 
atrophy  of  the  tail;  posterior  leg  buds  5  mm.  long;  left  foreleg  bud  present  on  one 
and  not  on  the  other;  heads  frog-shaped.  The  third  died  in  12  days;  length  2.2 
cm.;  left  foreleg  present. 

Thyroid  ZQ—AH  died  in  10  days,  measuring  2,  2.2,  and  2.2  cm.,  respectively. 
All  showed  marked  tail  atrophy;  left  foreleg  present  on  each;  bodies  becoming 
fairly  frog-like. 

This  series  shows  that  there  is  no  qualitative  difference  in  the  ac- 
tion of  desiccated  thyroid  on  the  different  varieties  of  tadpoles  used. 

Series  Z).— May  27  to  June  7,  1915  (duration,  12  days).    (Fig.  4.) 

Fo-r  this  experiment  two  sets  of  tadpoles  of  different  ages  with  three  in  each  set 
were  used.  The  individuals  of  each  age  were  alike  as  to  size  and  condition  of  de- 
velopment. The  older  ones  averaged  8.5  cm.  in  length,  had  posterior  leg  buds 
slightly  over  2  cm.  long,  and  had  no  forelegs.  The  younger  set  averaged  6.5  cm. 
in  length,  had  just  visible  posterior  leg  buds  and  no  foreleg  buds.  One  of  each 
age  was  killed  in  formalin  at  the  beginning  of  the  experiment  for  comparison. 
Another  of  each  age  was  used  for  control  and  fed  fresh  liver  every  2nd  day.  A 
third  one  of  each  age  was  fed  50  mg.  of  Thyroid  20  every  2nd  day,  alternating 
with  fresh  liver. 

Both  forelegs  were  present  on  the  older  thyroid-fed  tadpole  on  the  7th  day;  the 
left  foreleg  appeared  on  the  corresponding  control  on  the  9th  day.  There  was 
marked  atrophy  of  the  tail  of  the  thyroid-fed  tadpoles.  The  younger  control  had 
no  forelegs;  and  the  posterior  leg  buds  were  8  mm.  long;  it  maintained  a  tadpole 
body.  The  younger  thyroid-fed  animal  had  a  frog-shaped  head  and  body;  left 
foreleg  present;  posterior  legs  15  mm.  long.  The  older  tadpoles  at  the  end  of  the 
experiment  showed  about  the  same  amount  of  development  of  fore-  and  hind  legs 
on  both  the  controls  and  the  thyroid-fed  animal.  There  was  marked  tail  atrophy 
in  the  latter  and  practically  none  in  the  former.  The  older  thyroid-fed  tadpole 
had  become  a  well  developed  frog,  while  the  corresponding  control  had  the  same 
characteristics  to  a  slighter  degree. 
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Comparison  of  samples,  controls,  and  Thyroid  20  in  Series  C  and 
D  shows  that  desiccated  thyroid  of  high  iodine  content  administered 
to  tadpoles  of  the  same  variety  at  different  ages  and  stages  of  develop- 
ment produces  the  same  effect;  namely,  immediate  cessation  of 
growth,  rapid  metamorphosis  as  evidenced  by  atrophy  of  the  tail,  in- 
creased growth  of  the  posterior  legs,  and  the  development  of  forelegs. 
The  younger  the  tadpoles  at  the  beginning  of  thyroid  feeding,  the 
smaller  the  metamorphosed  frog,  and  vice  versa. 

DISCUSSION  AND  CONCLUSIONS. 

It  seems  evident  from  the  foregoing  experiments  that  the  so  called 
tumors  (adenomata)  of  the  thyroid  possess  the  property  of  taking  up 
iodine  and  metabolizing  it  into  the  active  combination  in  the  same 
way  that  the  non-tumorous  thyroid  tissue  does,  although  not  so  read- 
ily nor  to  the  same  degree,  and  the  action  on  tadpoles  of  feeding  des- 
iccated tumorous  thyroid  tissue  does  not  differ  qualitatively  from  feed- 
ing desiccated  non-tumorous  thyroid  tissue.  The  action  in  either 
case  depends  upon  the  iodine  (active  iodine)  content,  and  in  the  case 
of  the  adenomata  bears  no  constant  relation  to  the  state  of  their 
growth  or  differentiation. 

Examination  of  Tables  II  and  III  shows  that  in  the  main  this  is 
true.  There  are,  however,  certain  discrepancies  as  to  time  of  death, 
appearance  of  first  forelegs,  degree  of  emaciation,  and  rate  of  growth 
in  certain  dishes  of  the  series,  the  action  being  not  quite  parallel  to 
the  iodine  content.  Some  of  these  discrepancies  may  be  explained 
in  part  by  accidents  of  feeding,  sHght  differences  in  size,  age,  and  sus- 
ceptibility of  the  different  tadpoles  receiving  the  same  thyroid,  and 
also  by  the  variations  in  the  amount  of  thyroid  consumed  by  the 
different  individuals  in  the  same  dish.  Lenhart  has  shown  that  the 
action  of  the  same  thyroid  varies  with  the  quantity  fed.  Another 
important  factor  which  has  to  be  considered  is  the  condition  of  the 
iodine  itself.  It  was  suspected  at  the  time  of  these  experiments  that 
the  iodine  might  be  present  in  an  active  and  an  inactive  form,  but 
no  satisfactory  proof  of  this  assumption,  at  the  begin  ring  of  these 
experiments,  was  at  hand.  Support  of  this  point  has  been  afforded  by 
the  work  of  Kendall  on  the  isolation  of  the  active  principle  of  thyroid 
and  the  separation  of  the  iodine  into  two  fractions.    Since  the  com- 
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pletion  of  our  experiments  Marine^  has  demonstrated  by  means  of 
perfusion  experiments  in  vivo  and  in  vitro  that  iodine  is  rapidly  taken 
up  by  the  thyroid  cells,  and  though  the  iodine  increase  in  the  per- 
fused lobe  may  be  1,000  per  cent  in  2  hours  as  compared  with  the 
control  lobe,  yet  the  action  on  tadpoles  is  no  greater.  It  then  becomes 
an  important  question  to  determine  the  time  required  by  the  thyroid 
to  take  up  inorganic  iodine  and  manufacture  it  into  the  active  thy- 
roid principle. 

It  is  known  that  iodine  is  rapidly  taken  up  by  the  thyroid,  and  in 
man  the  iodine  content  of  the  thyroid  is  subject  to  greater  variations 
than  in  animals  on  account  of  the  prevalent  therapeutic  use  of  iodine 
and  the  iodides  in  goiter  and  other  conditions;  even  the  iodine  used 
in  preparing  patients  for  operations  would  increase  the  iodine  content 
of  the  thyroid  in  a  short  time,  so  that  one  might  expect  such  varia- 
tions in  the  action  of  a  given  thyroid  preparation  fed  to  tadpoles  as 
appear  in  these  experiments. 

In  this  connection  it  is  interesting  to  note  (Table  II)  that  Thyroid 
20  with  4.31  mg.  of  iodine  was  only  slightly  more  active  than  No.  5 
with  1.31  mg.  of  iodine.  Two  possibihties  have  to  be  considered  here. 
First,  No.  20  may  have  active  iodine  slightly  greater  than  1.31  mg. 
and  the  balance  present  as  inactive  iodine.  Second,  No.  5  with  1.31 
mg.  of  iodine  might  represent  the  maximum  possible  effect  under  the 
conditions  of  the  experiment  and  a  larger  quantity  of  active  thyroid 
iodine  could  produce  no  greater  effect. 

Of  course  with  the  lower  iodine  contents  the  variations  in  effects 
might  well  come  within  the  limits  of  errors  of  observation.  Also  the 
percentage  error  would  be  greater  in  the  iodine  determinations,  acci- 
dents of  feeding,  etc. 

Our  conclusions  as  to  the  effect  of  feeding  desiccated  thyroid  to 
tadpoles  agree  in  general  with  those  of  Lenhart.  The  action  of  the 
thyroid  depends  not  upon  a  specific  stimulus  to  differentiation  but 
upon  a  stimulation  of  metaboHsm  in  general  in  proportion  to  the  active 
iodine  and  the  quantity  consumed.    High  iodine  contents  produce 

4  Marine  D.,  Demonstration  in  Vitro  of  the  Specific  Affinity  of  Thyroid  CeUs 
for  lodin,  Proc.  Soc.  Exp.  Biol,  and  Med.,  1915,  xii,  132.  Marine,  D.,  and  Feiss, 
H.  O.,  The  Absorption  of  Potassium  lodid  by  Perfused  Thyroid  Glands  and 
Some  of  the  Factors  Modifying  It,  /.  Pharm.  and  Exp.  Therap.,  1915,  vu,  557. 
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rapid  emaciation,  at  the  same  time  resulting  in  differentiation  even 
in  tadpoles  dying  in  8  to  12  days.  Low  iodine  contents  result  in 
differentiation  at  an  earlier  period  than  the  controls.  Tadpoles  fed 
on  thyroid  with  practically  no  iodine  grow  better  than  the  controls, 
in  this  instance  the  thyroid  acting  simply  as  a  food. 

Finally,  the  interest  that  the  results  of  these  experiments  may  have 
in  connection  with  the  question  of  function  in  tumor  tissue  should  be 
pointed  out.  To  those  who  hold  that  tumor  lacks  the  capacity  for 
physiological  function,  the  "adenomata  of  the  thyroid  could  not  be 
consistently  regarded  as  tumors.  To  those  who  hold  physiological 
function  as  a  possible  property  of  tumor  tissue,  the  adenomata  might 
be  regarded  as  tumors.  Future  studies  might  warrant  a  recognition 
of  different  grades  or  degrees  of  tumor.  On  this  basis  the  fetal  ade- 
noma (very  little  differentiation)  might  represent  a  higher  degree  of 
tumor  than  the  diffuse  colloid  or  simple  adenomatous  thyroid  in  which 
the  adenomatous  nodules  are  present  to  a  great  extent  throughout 
the  whole  gland  and  are  well  differentiated.  It  is  certain  that  there 
are  all  grades  and  degrees  of  growth  and  differentiation  in  the  life 
history  of  fetal  adenomata  of  the  thyroid,  from  the  pure  fetal,  undif- 
ferentiated adenoma  with  Httle  or  no  iodine  to  the  simple  or  colloid 
adenoma,  well  differentiated  and  with  varying  amounts  of  iodine 
approaching  that  of  normal  thyroid. 


EXPLANATION  OF  PLATES. 


Plate  38. 


Fig.  1.  Series  A.  The  condition  of  the  tadpoles  at  the  time  of  death  or  after 
they  had  been  killed  in  formalin,  at  the  end  of  31  days. 


Plate  39. 


Fig.  2.  Series  B.  The  condition  of  tadpoles  at  the  time  of  death  or  after 
they  had  been  killed  in  formaUn,  at  the  end  of  49  days. 


Plate  40. 


Fig.  3.  Series  C.  The  effect  of  desiccated  thyroid  on  R.  catesbiana  tadpoles 
as  compared  with  the  larvas  of  R.  pipiens  and  R.  clamala. 

Fig.  4.  Series  D.  The  effect  of  desiccated  thyroid  on  tadpoles  of  different 
ages. 
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(Graham:  Adenomala  of  the  Thyroid  Gland.) 
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In  an  earlier  paper  by  one  of  the  authors  in  collaboration 
with  Dr.  Feiss/  it  was  shown  that  artificially  perfused  and  sur- 
viving thyroids  of  dogs  take  up  KI  very  rapidly  and  retain  it  in 
large  amounts;  that  this  activity  is  not  shared  by  other  tissues 
of  the  body;  that  KCN  inhibits  this  activity  and  that  only  surviv- 
ing thyroid  cells  manifest  this  phenomenon.  At  that  time  two 
experiments  were  reported  in  which  50  mgm.  KI  were  injected 
intravenously,  after  having  removed  a  control  lobe  of  the  thy- 
roid. The  lobes  exposed  to  the  KI  for  one  hour  showed  practi- 
cally the  same  affinity  for  this  salt  as  was  found  in  the  in  vitro 
perfusions. 

In  the  present  communication  we  will  record  the  results 
obtained  from  a  series  of  33  experiments  in  which  the  KI  was 
introduced  intravenously.  The  plan  of  these  experiments  was 
as  follows:  In  all  but  four  experiments,  dogs  with  grossly  en- 
larged thyroids  were  used.  After  ligating  the  renal  vessels  of 
both  kidneys  and  removing  one  lobe  of  the  thyroid  as  a  control,  50 
mgm.  KI  in  and  1  cc.  distilled  water  was  injected  into  the  internal 
jugular  vein,  or  one  of  its  branches,  below  the  thyroid  area. 
Ether  for  anesthesia  was  the  only  drug  used  and  in  each  case  the 
usual  aseptic  technique  was  followed.  The  animals  were  allowed 
to  hve  for  periods  of  5  minutes,  10  minutes,  1  hour,  4  hours, 
8  hours,  12  hours,  16  hours,  20 -hours,  24  hours  and  30  hours 
following  the  injection  of  KI.  In  four  experiments — two  of 
5  minutes  duration,  and  two  of  10  minutes  duration — the  renal 
vessels  were  not  ligated.    Then  the  iodized  lobes  were  removed, 

'  The  absorption  of  potassium  iodid  by  perfused  thyroid  glands  and  some  of  the 
factors  modifying  it.    J.  Pharmacol,  and  Exp.  Therap.,  1915,  vii,  557. 
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.  weighed  and  small  sections  taken  for  histology,  and  the  remainder 
of  the  thyroid,  together  with  pieces  of  Hver  and  spleen  desiccated 
for  iodin  determinations.  As  shown  in  the  complete  tabulation 
(table  1)  the  thyroid  lobes  used  varied  markedly  in  size,  in  iodin 
content  and  physiologic  activity,  as  indicated  by  the  range  of 
histological  appearances  from  quiescent  or  colloid,  to  marked 
active  hyperplasia. 

As  shown  in  the  in  vitro  perfusions  the  amount  of  KI  absorbed 
necessarily  varies  with  the  surface  exposed  (size  of  glands)  and 
the  stage  of  physiological  activity  (colloid  or  normal  glands 
showing  the  least  increase  in  iodin).  Any  analysis  of  the  quanti- 
ties of  iodin  absorbed  from  a  given  dose  must  take  into  consider- 
ation both  the  size  and  the  stage  of  physiologic  activity  of  the 
glands  used. 

In  all  experiments  there  was  a  great  increase  in  the  iodin 
content  of  the  thyroid  lobe  thus  exposed  to  KI  just  as  was 
observed  in  the  in  vitro  perfusions.  There  are  variations  in  the 
amounts  retained  by  the  thyroid  from  the  constant  amount 
(50  mgm.)  offered,  and  some  of  the  factors  which  might  be 
related  to  these  variations  have  been  analyzed  as  follows: 

1.  Relation  of  the  duration  of  the  perfusion  to  the  amount  of 
KI  retained.  The  principal  data  bearing  on  this  point  have  been 
grouped  in  the  following  table,  both  as  to  duration  of  the  per- 
fusion and  the  histologic  condition  of  the  glands  used^ — whether 
active  hyperplasias  or  quiescent  glands: 


DURATION  OF 
EXPERIMENT 

HYPERPLASIAS 

COLLOID 

GLANDS 

Number  of 
experiments 

Average  increase  in 
I  per  gram  dried 
in  milligram 

Number  of 
experiments 

Average  increase  in 
I  per  gram  dried 
in  milligram 

5  minutes 
10  minutes 
1  hour 
4  hours 
8  hours 
12  hours 
16  hours 
20  hours 
24  hours 
30  hours 

1 
2 
3 
2 
3 
4 
2 
2 
2 
2 

0.71 
0.75 
0.53 
0.87 
0.53 
0.70 
0.60 
0.57 
0.59 
1.16 

2 

1 
1 

3 
1 
2 

0.32 

0.34 
0.62 

0.43 
0.24 
0.45 

ABSORPTION  OF  POTASSIUM  lODID 
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The  most  striking  features  brought  out  in  this  tabulation  are, 
(1)  that  the  absorption  of  KI  is  so  rapid  during  the  first  few 
minutes  that  the  slight  further  increase  during  the  rest  of  the 
experiment  is  masked,  and  (2),  that  it  varies  directly  with  the 
degree  of  active  hyperplasia  present  or  inversely  with  the  original 
iodin  content,  and  therefore  is  identical  in  all  essentials  with 
the  results  obtained  in  the  in  vitro  perfusions.  Concerning 
the  first  point,  viz.,  the  rapidity  of  absorption,  it  was  a  surprise 
to  us  to  find  so  small  a  difference  between  a  5-minute  or  a  10- 
minute  and  a  30-hour  perfusion,  although  the  rapidity  of  the 
storage  of  iodin  by  the  gland  has  been  many  times  and  from 
many  different  angles  emphasized. 

This  series  of  experiments  indicate  that  the  absorption  from 
the  blood  is  practically  instantaneous.  In  the  earlier  experi- 
ments the  kidneys  were  removed  from  the  circulation  partly 
to  bring  this  series  of  experiments  into  relation  with  the  in 
vitro  perfusions,  and  partly  to  eliminate  any  loss  of  KI  through 
the  kidneys.  This  precaution  was  found  to  have  been  unneces- 
sary. In  the  four  experiments  where  the  renal  vessels  were  not 
ligated  no  appreciable  difference  was  observed  in  the  percentage 
of  iodin  absorbed.  The  affinity  of  the  thyroid  for  iodin  salts 
is  so  great  that  the  loss  through  the  kidney  is  negligible  when 
iodin  is  administered  in  physiological  doses  for  thyroid  effects. 
Even  when  given  in  large  doses  (a  decigram  of  KI)  it  is  doubtful 
whether  the  renal  factor  modifies  the  amount  retained  by  the 
thyroid.  The  thyroid  has  such  an  extraordinary  affinity  for 
iodin  and  the  other  tissues  have  such  a  slight  affinity  for  it,  that 
the  intravenous  injection  of  iodin  salts  in  the  living  animal  may 
truly  be  designated  as  "in  vivo"  perfusion  of  the  thyroid. 

2.  In  sharp  contrast  with  the  thyroid,  the  fiver  and  spleen 
show  no  retention  of  KI.  Samples  of  liver  and  spleen  were 
exammed  for  iodin  in  each  experiment,  and  only  in  the  experi- 
ments of  1  hour  or  less  duration  was  it  detected.  Traces  of 
lodm  were  detected  in  the  unwashed  tissues  of  all  such  experi- 
ments just  as  it  was  found  in  the  unwashed  spleens  and  kidneys 
of  the  m  vitro  perfusions,  but  even  traces  could  not  be  detected 
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when  the  tissue  was  thoroughly  freed  of  blood.  In  all  the  experi- 
ments of  4  hours  or  longer,  no  detectable  amounts  of  iodin  were 
found  in  the  hver  and  spleen. 

SUMMARY 

There  is  apparently  no  difference  between  in  vitro  and  "in 
vivo"  perfusions  as  regards  the  percentage  of  iodin  absorbed. 
The  absorption  is  practically  instantaneous  in  each  case.  Maxi- 
mum thyroid  effects  are  produced  by  such  exceedingly  small 
amounts  of  iodin  and  the  gland  has  such  an  extraordinary  affinity 
for  salts  of  iodin,  that  its  loss  through  the  kidney  may  be  con- 
sidered negUgible,  and  this  probably  holds  true  for  all  other 
body  tissues.  The  size  of  the  gland  and  the  stage  of  physiolog- 
ical activity  modify  the  amount  of  KI  absorbed  apparently  to 
the  same  degree  whether  it  is  introduced  by  in  vitro  perfusion 
or  injected  intravenously  in  the  living  animal. 

The  liver  and  spleen  show  no  retention  of  KI,  whether  intro- 
duced by  in  vitro  perfusion  or  by  intravenous  injection.  With 
constant  amounts  of  KI  introduced  and  with  glands  of  similar 
degrees  of  physiologic  activity,  there  is  no  noteworthy  difference 
in  the  percentage  absorbed,  whether  the  "in  vivo"  perfusion 
lasts  1  hour  or  30  hours.  There  must  be  some  sUght  increase  in 
the  amount  of  iodin  absorbed  from  a  single  dose  in  the  succeed- 
ing minutes  or  hours  of  a  given  experiment,  but  it  was  not 
sufficiently  marked  to  be  detected  as  an  increase  in  the  iodin 
content  of  the  thyroid,  in  this  series  of  glands  with  the  methods 
employed;  although  after  an  hour  it  was  not  present  in  detectable 
amounts  in  the  circulation. 
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The  transplantation  of  normal  or  tumor  tissue  is  at 
present  attracting  wide  interest  among  experimental 
physiologists  and  pathologists  because  of  the  many 
fundamental  biologic  problems  which  earlier  work, 
both  with  tumor  and  normal  tissue,  uncovered. 
Among  these  problems  probably  the  two  that  are  being 
most  actively  investigated  at  present  are  (1)  whether 
specific  nerves  (either  secretory  or  regulatory)  are 
necessary  for  the  survival,  growth  and  function  of 
transplanted  tissues,  and  (2)  the  problem  of  the  reac- 
tion of  the  host  to  transplanted  foreign  tissues.  For 
this  work  the  so-called  endocrine  glands  have  obvious 
advantages  over  glands  with  external  secretions,  or  the 
various  connective  tissues  and,  indeed,  over  tumor 
tissue. 

In  the  course  of  our  work  during  the  past  three 
years,  we  have  studied  the  transplantation  of  ovary, 
suprarenal  (cortex  and  medulla),  spleen,  parathyroid 
and  thyroid  of  rabbits.  Because  the  thyroid  has  sev- 
eral great  advantages,  namely,  its  accessibility,  its 
wide  range  of  morphologic  changes,  which  are  easily 
interpreted,  and  its  specific  iodin  reaction,  all  useful 
in  checking  and  controlling  results,  we  have  devoted 
more  time  and  efifort  to  the  study  of  this  tissue,  and 
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the  summary  to  follow  is  based  for  the  most  part  on 
our  experiments  with  the  thyroid  gland.  Our 
experience  has  been  confined  wholly  to  autotransplan- 
tation  and  homotransplantation,  and  for  the  sake  of 
clearness  it  seems  best  to  present  the  data  under  these 
two  divisions  rather  than  according  to  the  tissues  used. 

AUTOTRANSPLANTATION 

We  have  made  nine  experiments  with  ovarian  tis- 
sue, transplanting  in  the  subcutaneous  tissues  of  the 
abdomen  after  removal  of  both  ovaries.  In  all  cases 
the  stroma,  interstitial  cells  and  graafian  follicles 
showed  survival  and  growth  over  periods  varying 
from  thirty-four  to  219  days.  Mature  graafian  fol- 
licles were  recovered  from  two  rabbits,  associated  with 
active  hyperemia  of  the  uterus  and  the  typical  phe- 
nomena of  rut. 

A  point  of  practical  importance  which  we  have 
observed  in  the  older  transplants  is  the  presence  of 
hemorrhagic  cysts,  due  to  the  fact  that  the  ripened 
follicles  rupture  into  themselves  instead  of  onto  a 
free  surface  as  occurs  in  the  normal,  and  these  cysts 
ultimately  produce  pressure  atrophy  of  the  ovarian 
tissue.  Apart  from  this  complication,  our  work  con- 
firms that  of  many  others  that  these  autotransplants 
are  permanent  and  show  all  the  evidences  of  func- 
tional activity. 

As  a  part  of  other  experiments,  we  have  made  six 
autotransplantations  of  spleen  tissue  in  the  subcutane- 
ous tissue  of  the  abdomen,  all  of  which  were  absorbed 

in  twelve  days. 

Parathyroid  tissue  has  accidentally  been  trans- 
planted niany  times  with  the  thyroid,  and  we  have 
often  found  active  normal  looking  parathyroid  tissue 
in  thyroid  transplants  when  examined  microscopically. 

In  the  first  100  rabbits  used,  thyroid  was  success- 
fully transplanted  into  ovary,  suprarenal,  spleen,  jugu- 
lar vein,  muscle,  subperitoneal  tissues  and  mto  the 
subcutaneous  tissues  of  the  neck,  chest  and  abdomen. 
In  the  second  100  rabbits,  transplantations  were  made 
uniformly  in  the  subcutaneous  tissue  of  the  abdomen, 
modified  by  one  or  more  of  the  following  conditions: 
with  the  thyroids  intact,  partially  and  completely 
removed  •  with  and  without  remox  al  of  spleen  suprare- 
nals  ovaries,  and  testes :  with  and  without  the  admin- 
istration of  phosphorus,  and  with  and  without  the 
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julminislialiou  of  iodin  using  both  normal  and  hyper- 
plastic thyroids.  Of  these  factors,  the  removal  of  a 
large  part  of  the  thyroid  gland  or  the  administration 
of  iodin  materially  modifies  the  growth  and  activity  of 
the  autotransplants. 

Autotransplants  uniformly  "take"  and  "grow,"  the 
amount  of  growth  being  determined  by  the  amount  of 
thyroid  removed  and  also  by  the  administration  of 
iodin  or  desiccated  thyroid.  Cristiani  and  von  Eisels- 
berg  also  observed  that  removal  of  the  thyroid  caused 
compensatory  hyperplasia  of  transplants  irrespective 
of  their  location  in  the  body.  We  can  confirm  this 
observation.  In  every  instance,  it  was  found  that  the 
histologic  condition  of  the  transplant  was  identical  with 
that  of  the  thyroid  gland.  Both  undergo  hyperplasia 
simultaneously  aiid  to  the  same  degree,  and  both  invo- 
lute simultaneously  and  to  the  same  degree. 

Following  the  administration  of  iodin,  transplants 
take  up  and  retain  it  to  the  same  degree  as  the  thyroid 
gland.  Many  authors  have  stated  that  transplants  of 
thyroid  were'  permanent.  We  have  observed  trans- 
plants for  more  than  a  year  through  the  phases  of 
spontaneous  and  induced  hyperplasia  and  involution, 
and  can  confirm  the  statement  that  they  are  permanent 
irrespective  of  their  location. 

Inasmuch  as  such  transplanted  thyroid  tissue  under- 
goes all  the  morphologic  variations  associated  with 
growth  and  function  that  are  observed  in  nontrans- 
planted  thyroid  tissue,  and  inasmuch  as  trans- 
planted thyroid  shows  the  same  reactions  with  iodin 
and  the  same  storage  of  iodin  as  nontransplanted  thy- 
roid, we  believe  that  this  is  suflficient  evidence  that 
such  transplants  may  grow,  involute  or  function 
equally  as  well  as  nontransplanted  thyroid.  We  can- 
not accept  the  belief  held  by  some  observers  that  spe- 
cific nerves,  whether  secretory  or  regulatory,  are  nec- 
essary for  normal  growth  or  functional  activity  of  the 
thyroid.  The  evidence  obtained  from  these  observa- 
tions suggests  that  the  thyroid  is  truly  a  blood  gland 
ni  that  the  stimuli  causing  either  increased  or  decreased 
activity  may  reach  it  (lirectly  by  way  of  the  blood 
stream.  These  conclusions  are  based  on  the  study  of 
289  autothyroid  transplantations  in  141  rabbits 
observed  during  periods  varying  from  three* to  38\ 
days.  In  forty-one  rabbits,  only  autotransplantations' 
were  made,  and  in  100  both  autotransplantations  and 
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homotransplantatioiis  were  made;  in  thirty-two  of  this 
100,  negative  homotransplantations  had  preceded  the 
positive  autotransplantations. 

HOMOTRANSPLANTATION 

We  have  made  twenty-six  homotransplantations  of 
sexually  mature  ovarian  tissue,  all  but  one  of  which 
showed  complete  absorption  of  the  ovarian  structure 
except  for  the  interstitial  and  luteal  cells.  The  one 
exception  was  probably  an  instance  of  the  failure  of 
the  host  to  react  to  the  foreign  tissue  in  the  usual  way. 
The  fact  that  the  lipoid  cells  of  the  ovary  can  survive 
upward  of  193  days,  while  the  stroma  and  egg  cells 
undergo  absorption  in  a  few  weeks,  shows  that  in  the 
lipoid-containing  tissue  we  are  dealing  with  a  different 
order  of  cells  against  which  the  host  reacts  very 
slowly,  if  at  all.  There  is  evidence  from  the  stand- 
point of  transplantation,  as  well  as  from  that  of 
embryology  and  morphology,  that  the  cells  of  the 
suprarenal  cortex  belong  to  this  series  also.  Repeated 
homotransplantations  into  the  same  animal  of  these 
lipoid-containing  cells  of  the  ovary  would  probably 
determine  whether  or  not  the  host  eventually  develops 
a  resistance  to  this  tissue  also.  Up  to  the  present  we 
have  not  made  sufficient  experiments  to  determine  this 
point.  The  two  important  facts  observed  in  this 
series  of  homotransplantations  of  the  ovary  are  that: 
( 1 )  the  host  reacts  in  the  usual  way  and  usual  time  to 
the  egg  and  stroma  cells,  and  (2)  the  host  reacts  very 
feebly  to  the  lipoid  containing  cells. 

We  have  made  eighteen  homotransplantations  of  the 
spleen,  all  of  which  were  absorbed  in  twelve  days. 

Homotransplantations  of  thyfoid  were  made  in 
spleen,  bonemarrow,  suprarenal,  ovary,  testes,  liver, 
muscle  and  subcutaneous  tissue  of  neck  and  abdomen. 
Purely  for  the  convenience  of  subsequent  examina- 
tions, we  have  used  the  subcutaneous  tissues  of  the 
abdomen  for  all  transplants  during  the  past  two  years. 

Up  to  the  present  we  have  made  567  homotrans- 
plantations in  205  rabbits  of  various  ages.  In  105  of 
these  only  homografts  were  made.  As  ni  the  case  of 
thyroid  autografts,  the  conditions  have  been  varied  as 
follows :  with  and  without  removal  of  the  thyroid,  ova- 
ries spleen  and  testes ;  with  and  without  administra- 
'tion  of  iodin  and  phosphorus,  using  phosphonzed  and 
iodized  thvroids  separately  and  together. 
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A  tabulation  of  the  results  shows  that  complete 
absorption  may  take  place  as  early  as  the  tenth  day, 
and  usually  occurs  before  the  thirtieth  day  in  cases 
which  have  not  been  previously  homotransplanted. 
.\s  is  well  known,  repeated  homotransplantation  mark- 
edly accelerates  the  destruction  of  homografts,  due 
to  the  development  of  an  immunity,  the  nature  of 
which  is  little  understood.  On  the  other  hand,  we 
have  under  observation  two  rabbits  containing  homo- 
transplants  of  more  than  a  year's  duration,  which 
grossly  and  microscopically  resemble  autografts. 
Between  these  two  extremes,  there  are  all  gradations 
in  the  rate  of  destruction.  This  to  our  minds  is  the 
most  significant  fact  we  have  observed,  and,  in  review- 
ing the  literature,  we  have  been  unable  to  find  reports 
dealing  specifically  with  these  variations  in  large  series 
of  nontumor  transplantations. 

A  thorough  understanding  of  these  variations  would 
go  far  toward  explaining  the  causes  of  the  failure  of 
homotransplantation  and,  as  the  students  of  tumor 
point  out.  it  is  also  the  most  important  problem  con- 
fronting them.  It  seems  well  established  that  these 
variations  depend  on  the  development  of  an  immunity 
to  a  foreign  protein  (tissvte),  and  tumor  investigators 
have  shown  that  the  degree  of  foreignness  of  the  tissue 
used  is  the  most  important  factor  in  its  development. 
A  study  of  our  thyroid  material  suggests  that  these 
variations  in  the  rate  of  absorption  may  be  due  to 
intrinsic  differences  in  the  reaction  of  the  host,  quite 
apart  from  and  in  addition  to  the  other  important  fac- 
tor of  the  foreignness  of  the  tissue  used.  In  the 
series  of  205  rabbits  about  92  per  cent,  destroyed  initial 
homografts  in  from  ten  to  thirty  days,  and  subsequent 
homografts,  as  is  well  known,  were  destroyed  more 
rapidly.  The  remaining  8  per  cent,  of  the  rabbits 
showed  strikingly  less  rapid  reactions  even  though  the 
same  gland  was  used  for  the  two  groups  in  most 
instances,  and  the  factor  of  blood  relationship  could 
be  considered  most  remote.  The  following  instance, 
of  Avhich  there  are  several  others  in  the  series,  may  be 
mentioned  in  some  detail  in  support  of  the  foreo-oino- 
.'Statement. 

The  thyroid  slightly  hyperplastic,  of  Rabhit  233  was  trans- 
planted mto  three  rabbits  (Rabbits  226,  227  and  229).  May  8. 
1915.  Within  thirty-seven  days  the  transplant  in  Rabbit  226 
was  completely  absorbed,  and  within  ninety  davs  the  trans- 
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plant  in  Ralil)it  227  was  absorbed,  while  the  transplant  in 
Rabbit  229  is  still  large  and  active  after  400  days.  June  14, 
1915,  the  thyroid  of  Rabbit  263  was  also  transplanted  into 
Rabbits  226,  227  and  229  and,  in  addition,  as  initial  grafts 
into  six  other  rabbits,  and  as  second  homografts  into  four 
additional  rabbits.  This  thyroid  (from  Rabbit  263)  had  dis- 
appeared from  all  but  one  of  the  thirteen  rabbits  at  the  time 
of  the  first  examination,  the  single  exception  being  Rabbit 
229,  which  still  has  a  homotransplant  of  400  days  from 
Rabbit  223.  This  second  positive  homograft  was  removed  at 
the  two  hundred  and  forty-third  day,  and  in  both  gross  and 
microscopic  appearances  had  all  the  characteristics  of  an 
autograft. 

These  experiments  show  that  one  has  to  deal  with 
variations  in  the  resistance  of  animals,  which  is  quite 
independent  of  the  thyroid  used.  It  is  clear,  therefore, 
that  when  one  finds  an  animal  in  which  an  initial 
homograft  is  positive,  subsequent  homografts  from 
unrelated  animals  may  remain  and  act  as  autografts. 
On  the  other  hand,  we  have  never  seen  a  positive 
homograft  following  an  initial  negative  homograft,  no 
matter  what  the  age,  sex  or  blood  relationship  of  the 
rabbits  used. 

Turning  now  to  the  second  factor  in  the  variations 
of  the  rate  of  absorption,  namely,  the  degree  of  for- 
eignness  of  the  tissue  used,  there  is  evidence  that  one 
can  modify  the  rate  of  absorption  by  modifying  the 
condition  of  the  host  and  also  the  chemistry  and  physio- 
logic activity  of  the  thyroid  used,  as  is  demonstrated  in 
the  following  experiments : 

In  three  rabbits  with  thyroids  intact  (Rabbits  237,  238  and 
239),  potassium  iodid  was  given  in  20  mg.  doses  for  two 
weeks  previous  to  transplantation.  These  three  were  then 
partially  thyroidectomized  and  transplanted  on  the  left  side 
from  the  thyroid  of  Rabbit  254,  in  which  marked  hyperplasia 
had  been  induced  by  a  previous  partial  thyroidectomy.  The 
same  hyperplastic  thyroid  was  transplanted  into  the  left  side 
of  two  other  rabbits  (Rabbits  255  and  256)  which  had  had 
similar  previous  partial  thyroidectomies  and  whose  thyroid 
stumps  were  hyperplastic.  The  iodized  and  quiescent  thyroid 
of  Rabbit  237  was  at  the  same  time  transplanted  into  the 
right  side  of  all  five  (Rabbits  237,  238,  239,  225  and  2n6). 
Subsequent  examination  of  the  thyroid  grafts  made  from  the 
hyperplastic  thyroid  into  both  the  iodized  and  noniodized 
rabbits  shows  that  in  the  two  rabbits  (255  and  2o6)  with 
lirevious  partial  thyroidectomies  absorption  occurred  ni 
thirty  days;  while  in  the  three  iodized  rabbits  (237.  238  and 
239)'  the  grafts  disappeared  in  one  (Rabbit  237)  after  htty 
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,lavs:  in  the  second  (Rabbit  239)  it  was  positive  and  was 
recovered  at  necropsy  144  days  later  and  in  the  third  (Rabbi 
238).  the  graft  was  positive  at  149  days  but  had  disappeared 
at  the  two  hundred  and  first  day. 

Subsequent  examination  of  the  right  thyroid  grafts  made 
with  the  iodized  thyroid  of  Rabbit  237  shows  that  in  the  non- 
iodized  rabbits  (255  and  256)  absorption  occurred  in  the 
usual  time,  while  in  the  two  iodized  rabbits  (238  and  239), 
this  thvroid  was  removed  in  one  (Rabbit  239)  at  necropsy 
144  days  later,  and  in  Rabbit  238  the  transplant  is  still  large 
and  active  at  382  days  and  resembles  in  all  respects  an  auto- 
graft. 

This  series  of  experiments  shows  clearly  that  when 
iodized  thyroid  is  homografted  into  iodized  rabbits, 
the  rate  of  destruction  is  markedly  decreased.  As 
iodin  is  a  physiologic  constituent  of  thyroid,  and  as 
these  experiments  show  that  its  previous  administra- 
tion to  both  donor  and  host  delays  the  rapidity  of 
absorption  of  homografts,  it  seems  certain  that  it  is 
possible  to  modify  the  usual  reaction  of  the  host  by 
strictly  physiologic  means.  While  iodin  favorably 
afYects  the  thyroid,  there  is  no  evidence  that  it  has  a 
similar  action  on  other  homografted  tissues.  Its  influ- 
ence on  the  fate  of  the  thyroid  homograft  suggests, 
however,  that  it  may  be  possible  to  modify  the  host's 
reaction  to  other  homografted  tissues  through  one  or 
more  of  their  specific  chemical  constituents. 

SUMMARY 

Concerning  autografts  we  have  been  able  to  confirm 
the  conclusions  of  others  that  thyroid  when  trans- 
])lanted  Jiliows  all  the  evidence  of  growth,  fimction  and 
permanence,  and  to  the  same  degree,  as  does  the  non- 
transplanted  thyroid.  This  work  also  shows  that  spe- 
cific nerves,  whether  secretory  or  regulatory,  are  not 
necessary  either  for  the  control  of  growth  or  of  func- 
tion in  the  case  of  the  thyroid. 

Concerning  the  behavior  of  thyroid  homografts.  it 
seems  established  that  both  the  host  and  the  tissue  used 
for  the  grafts  modify  their  duration.  These  two  fac- 
tors may  be  quite  independent,  antagonistic  to  or  help- 
ful to  each  other.  In  the  case  of  the  thyroid  this 
reaction  may  be  modified  by  iodin. 

Lastly,  the  future  of  tissue  transplantation  as  a 
therapeutic  means  rests  on  a  solution  of  th^  problem 
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of  the  homograft,  and  it  is  also  certain  that  whatever 
headway  is  made  in  overcoming  the  obstacles  to  homo- 
grafting  will  to  an  equal  degree  be  applicable  to  the 
solution  of  the  tumor  problem. 
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THE  relation  of  the  thyroid  to  the  sex 
organs  in  the  female  is  the  most  an- 
cient and  classical  illustration  of  the 
interrelation  of  the  function  of  glands 
with  internal  secretions.  Known  to  the  an- 
cients in  its  crudest  external  manifestation, 
a  subject  of  their  daily  gossip,  it  has  passed 
down  through  the  ages.  Even  today,  in 
spite  of  the  records  of  thousands  of  observa- 
tions and  experiments,  we  must  confess  to 
a  very  meager  insight  into  the  fundamental 
physiological  processes  involved. 

Experimental  approach  is  difficult.  The 
lower  animals  lack  the  obvious  manifesta- 
tions seen  in  man.  The  search  for  hormones, 
chemical  activators  and  depressors  is  still 
in  its  infancy.  However,  many  facts  of  im- 
portance are  known  and  I  shall  review  some 
of  them  on  the  following  pages. 

Of  the  several  possible  tissues  whose  ac- 
tivities may  be  concerned,  the  thyroid,  ad- 
renal, and  sex'  glands  appear  most  important. 
The  adrenal  medulla  is  important  because  of 
the  effect  of  its  hormone  on  all  sympathetic 
nerve  endings;  the  adrenal  cortex  because 
embryologically  it  is  identical  with  the  intersti- 
tial cells  of  the  ovary.  Both  the  adrenal  cortex 
and  interstitial  cells  are  characterized  by  a 
high  lipin  content,  the  physiological  role  of 
which  is  unknown,  although  there  are  many 
facts  to  indicate  that  it  is  of  great  importance. 
Both  tissues  reciprocate  in  their  physiological 
hyperplasias,  and  reasoning  from  analogy  with 
the  male,  these  lipin-rich  interstitial  cells  prob- 
ably play  an  important  role  in  the  development 
and  maintenance  of  the  secondary  sexual 
characteristics. 

Ancestrally  the  thyroid  exists  in  the  chor- 
dates  in  two  forms  —  as  an  elaborate  ventral 
midline  pharyngeal  glandular  groove,  the  so- 
called  ''endostyle"  in  all  the  lower  chordates 
—  tunicates,  amphioxus  and  ammocoetes 
(larval  lampreys),  and  as  the  familiar  ductless 
thyroid  in  all  higher  chordates  —  adult  lam- 
preys, fish,  amphibians,  reptiles,  birds,  and 
mammals.    Fortunately,  the  animal  (lam- 


prey) in  which  the  transition  from  endostyle 
to  thyroid  can  be  followed,  still  exists,  other- 
wise this  extraordinary  metamorphosis  could 
not  have  been  established. 

The  thyroid  then  is  primarily  a  pharyngeal 
gland,  probably  closely  related  both  to  diges- 
tion and  respiration  and  in  the  thyroid  of 
higher  animals,  all  its  known  activities  are 
still  intimately  related  to  metaboHsm.  Vari- 
ations in  size  within  physiological  limits  are 
characteristic  of  all  three  of  these  tissues.  In 
man,  the  dog  and  the  cat  it  is  the  thyroid  which 
shows  the  largest  variations,  while  in  rabbits 
the  adrenal  cortex  and  ovaries  show  greater 
variations  in  size  than  the  thyroid. 

It  is  usually  stated  that  the  thyroids  in 
women  are  larger  per  unit  of  body  weight 
than  in  men.  This  is  in  general  true,  so  far 
as  anatomical  statistics  can  go,  but  it  has 
misled  some  authors  to  imply  that  the  dif- 
ference is  inherent,  while  in  truth  it  is  ac- 
quired and  can  be  entirely  controlled. 

All  the  known  physiological  activity  of  the 
thyroid  is  associated  with  iodine.  Used  in 
ignorance  from  the  most  remote  -times  in  the 
form  of  sponge  ash,  sea-weed,  crude  salt, 
etc.,  in  the  treatment  of  thyroid  enlargement, 
discovered  as  an  element  in  181 1  by  the 
Frenchman  Courtois,  first  knowingly  used 
in  medicine  by  the  Geneva  physician,  Coindet, 
in  1820,  it  remained  for  Baumann,  of  Freiburg, 
to  discover  it  as  a  normal  constituent  of  the 
thyroid  in  1895.  Iodine  is  usually  present 
only  in  traces  in  the  thyroid  at  birth,  unless 
the  mother  has  been  given  iodine,  when  it  is 
enormously  increased.  In  the  normal  gland 
there  are  wide  variations  in  the  iodine  con- 
tent. The  average  is  about  0.2  per  cent  of 
the  dried  weight  or  from  10  to  15  milligrams 
in  the  whole  gland.  The  iodine-containing 
hormone  is  bound  with  the  globulin  of  the 
colloid  from  which  Kendall  has  recently  been 
able  to  separate  it  by  alkaline  hydrolysis  and 
to  obtain  it  in  crystalline  form.  Its  chemical 
nature  is  unknown,  though  Kendall  thinks  it 
is  a  di-iodo-indol. 
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In  general,  the  iodine  of  the  thyroid  varies 
with  the  amount  of  colloid.    Iodine  is  mark- 
edly decreased  in  the  developmental  stages 
of  all  goiters  and  following  the  administra- 
tion of  its  soluble  salts  it  is  ahnost  instantly 
taken  up  by  the  thyroid.  Physiologically 
this  iodine-containing  hormone  is  the  most 
powerful  activator  of  metabolism  known. 
This  effect  appears  to  be  brought  about 
through  stimulation  of  the  oxidation  processes 
and  if  the  work  of  Asher  and  Flack  and  of 
Cannon  and  his  co-workers  is  confirmed,  the 
influence  of  epinephrin  is  very  important 
in  augmenting  its  action  and  vice  versa  the 
influence  of  the  thyroid  hormone  greatly  aug- 
ments the  pressor  activity  of  epinephrin. 
With  our  present  knowledge  we  attempt 
to  explain  the  instances  of  increased  functional 
activity  of  the  gland  on  the  basis  of  an  in- 
creased demand  for  thyroid  activity  or  what, 
amounts  to  the  same  thing,  an  increased  de- 
mand for  the  iodine-containing  hormone. 

Thyroid  enlargements  appear  to  be  com- 
pensatory or  work  hypertrophies  and  are 
readily  controlled  or  prevented  by  the  ad- 
ministration of  very  minute  amounts  of 
iodine.  Removal  of  the  thyroid  is  followed 
by  similar  basic  Symptoms  in  both  young  and 
adult  animals.  They  all  depend  upon  de- 
pression of  the  various  activities  of  tissues 
and  a  decrease  in  total  metabohsm.  In  the 
young,  this  change  manifests  itself  in  arrested 
growth  and  development,  sexual,  somatic 
and  mental  —  ijfie  so-called  cretin.  In  the 
adult,  loss  of  'sexual  functions,  increased 
fatty  deposits,  mental  deterioration,  anaemia, 
■  and  malnutrition  of  all  the  tissues  are  the 
most  prominent  manifestations.  There  is 
no  evidence  of  selective  action  or  that  certain 
organs  or  groups  of  organs  are  more  affected 
than  others.  Superficially  this  might  seem 
to  be  the  case  because  certain  symptoms,  like 
those  of  the  nervous  system  or  genital  sys- 
tem, are  more  obvious  and  earlier  recognized. 

Removal  of  the  thyroid  like  removal  of 
the  ovaries  or  adrenals  is  usually  accompanied 
by  persistence  of  the  thymus,  spleen  enlarge- 
ment, enlargement  of  the  lymph  glands  and 
a  lymphocytosis  Nothing  is  known  as  to 
the  cause  of  these  changes.  Removal  of  a 
large  portion  of  the  adrenals  in  rabbits  causes 
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slight,  though  definite,  hypertrophy  of  the 
thyroid  and  lymphoid  hyperplasia.  This  is 
also  seen  in  Addison's  disease  in  man,  and 
might  be  explained  as  part  of  the  adrenal- 
thyroid  interrelation. 

Removal  of  the  adrenals  also  causes  hy- 
pertrophy of  the  interstitial  tissue  of  the 
ovaries  in  rabbits,  and  removal  of  the  ovaries 
causes  hypertrophy  of  the  adrenal  cortex  or 
even  of  subcutaneous  transplants  of  adrenal 
cortex. 

Removal  of  the  ovaries  in  animals  probably 
tends  to  decrease  the  activity  of  the  thyroid. 
There  is  no  evidence  that  this  is  a  direct 
effect.  The  various  attempts  to  estabhsh 
a  direct  relationship  between  the  thyroid  and 
ovaries  by  a  comparison  of  the  influence  of 
extracts  on  metabolism  have  given  negative 
or  doubtful  results.  Through  the  study 
of  cryptorchids,  and  experiments  of  ligating 
the  vas  deferens  it  has  been  definitely  estab- 
hshed  that  the  interstitial  lipin-rich  cells  of 
the  testes  largely  determine  the  male  second- 
ary sexual  characters.  In  the  case  of  the 
ovary  it  is  not  possible  to  separate  the  oogenic 
cells  from  the  interstitial  cells,  but  the  at- 
tempts thus  far  made  suggest  that  these 
cells  play  a  very  unportant  and  similar  role 
in  the  secondary  sex  characters  of  the  female. 

Nevertheless,  it  is  an  outstanding  fact 
that  in  man  thyroid  hyperplasia  is  many 
times  (6  to  8)  more  common  in  the  female 
during  and  after  adolescence  than  in  the 
male  during  and  after  adolescence.  Up  to 
this  period  sex  makes  no  difference  in  the 
incidence.  Congenital  goiter  is  not  influenced 
by  sex  and  in  all  the  lower  anunals  sex  like- 
wise has  no  influence,  the  incidence  remaining 
the  same  at  all  periods  of  hfe. 

In  the  human  subject,  the  periods  when 
thyroid  enlargements  most  frequently  occur 
are  at  puberty,  during  menstruation  and 
during  pregnancy.  During  each  of  these 
periods  the  body  metabohsm  is  increased  and 
as  it  is  a  major  function  of  the  thyroid  to 
stimulate  oxidation  processes  in  the  body,  it 
is  probable  that  the  heightened  metabohsm 
is  of  thyroid  origin  and  the  enlargement  of 
the  thyroid  at  these  times  is  a  true  work  hy- 
pertrophy. This  view  is  supported  by  the 
facts  that  supplying  the  iodine-containing 
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hormone  artificially  or  even  iodine,  from 
which  the  gland  can  elaborate  its  own  hor- 
mone in  increased  amounts,  prevents  the 
hypertrpohy,  and  in  any  developing  hyper- 
trophy of  the  gland  the  iodine  is  decreased. 
In  rut  and  pregnancy  of  the  lower  animals 
these  changes  are  too  slight  for  certain  de- 
tection, though  many  authors  have  reported 
mild  degrees  of  thyroid  hypertrophy  in  both 
rut  and  pregnancy.  I  have  given  consider- 
able attention  to  the  study  of  this  feature 
and  have  never  been  able  to  detect  any 
change  in  size,  histological  appearance,  or 
iodine  content  greater  than  the  range  of 
changes  found  normally  in  either  sex  un- 
associated  with  sexual  activity.  An  in- 
crease in  metabolism  occurs  in  animals  also 
during  rut  and  pregnancy  and,  therefore,  some 
increase  in  thyroid  activity  is  probable,  but 
it  is  too  slight  to  be  recognized  by  mor- 
phological or  chemical  changes  in  the  thyroid 
as  can  often  be  done  in  man. 

The  degree  of  change  in  the  thyroid  during 
puberty,  menstruation,  and  pregnancy  is 
normally  slight,  amounting  to  no  more  than 
the  enlargement  incident  to  the  increased 
blood  supply.  Occasionally  hypertrophy  of 
the  epithelium  occurs,  and  always  there  is 
some  decrease  in  the  iodine  content.  Cellular 
hj^ertrophy  is  not  possible  until  a  great 
drop  in  the  iodine  has  taken  place.  In  the 
dog,  ox,  sheep,  pig,  and  man  it  has  to  fall  to 
less  than  o.i  per  cent  as  comparing  with  a 
normal  of  over  0.2  per  cent  of  the  dried  weight. 
These  anatomical  changes  are  idehtical  with 
those  which  occur  in  developing  goiters,  and 
in  goiter  districts  it  is  at  these  periods  that 
simple  goiter  most  frequently  develops.  The 
development  of  great  enlargements  of  the 
thyroid  at  these  periods  merely  means  the 
coincidence  of  the  cyclic  sexual  factor  with 
the  continuously  operating  causal  agent  of 
simple  goiter  and  must  not  be  confused  with 
the  shght  increase  in  activity  or  better,  the 
slight  temporary  insufficiency  of  the  thyroid 
of  sexual  origin. 

It  is  possible  that  the  same  chemical  dis- 
turbance initiates  the  thyroid  change,  both 
in  sexual  activity  and  in  simple  goiter,  the 
difference  being  one  of  degree.  This  is  purely 
a  speculation,  for  experimental  work  so  far 


has  furnished  no  suggestive  lead  as  to  the 
exciting  cause  of  either.  Nor  has  the  study 
of  menstrual  disturbances,  of  the  pathological 
physiology  of  pregnancy  or  of  diseases  of 
the  genital  tract  thrown  any  light  on  the 
nature  of  the  thyroid  reaction  associated  with 
sexual  activity. 

The  extensive  study  of  the  relation  of  the 
sex  glands  to  Basedow's  disease  Hkewise  has 
given  no  clue  to  the  nature  of  the  thyroid  sex 
.gland  interrelation;  though  the  incidence  as 
regards  sex  is  similar  to  that  of  simple  goiter. 

To  summarize,  it  may  be  stated  that  there 
is  evidence  in  man  of  a  thyroid  sex  gland  in- 
terrelation recognizable  in  the  female  in 
association  with  the  development  of  second- 
ary sexual  characters,  with  menstruation  and 
with  pregnancy  and  also  in  the  male  at 
puberty,  but  to  a  very  slight  degree.  The 
meager  evidence  available  would  tend  to  in- 
dicate that  the  interstitial  cells  of  the  ovary 
and  perhaps,  also,  the  adrenal  cortex  play  a 
major  r61e  in  this  relation  in  the  female,  as 
certainly  the  cells  of  Ley  dig  do  in  the  male. 

The  thyroid  enlargement  is  of  the  nature  of 
a  work  hypertrophy  to  stimulate  metabolism 
identical  in  appearance  and  so  far  as  we  know, 
different  only  in  degree  from  that  seen  in 
simple  goiter.  Both  of  these  reactions  can 
be  controlled  and  prevented  either  indirectly 
by  giving  iodine  or  directly  by  giving  the 
iodine-containing  hormone  in  physiological 
doses. 
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TRANSPLANTATION  OF  THE  THYMUS  IN  RABBITS-RELATION 
OF  THE  THYMUS  TO  SEXUAL  MATURITY 

By  David  Marine,  M.D.,  and  O.  T.  Manley,  M.D.,  Cleveland,  Ohio. 


THE  objects  of  these  experiments  were  to  obtain  more  definite  data  on  the 
transplantability  of  the  thymus;  and  if  transplantable  in  accessible  locations, 
ro  utilize  this  means  of  studying  its  behavior  in  relation  to  sexual  maturity  and 
breeding. 

The  thymus  normally  undergoes  a  striking  atrophy  or  involution  at  puberty. 
It  seems  well  established  by  the  work  of  Paton  and  Goodall,  Henderson,  Cal- 
zolan  and  others,  that  removal  'of  the  gonads  before  puberty  delays  thymus  in- 
volution ;  that  thymus  removal  hastens  sexual  maturity  in  rabbits ;  and  that  ani- 
mals allowed  to  breed  show  earlier  thymus  involution  than  those  not  so  used. 

Tn  our  experiments,  we  have  removed  all  the  main  thymus  mass  (exposing 
the  gland  by  splitting  the  sternum  to  the  third  rib)  except  the  upper  portion  of 
one  of  the  cervical  cornua,  and  have  transplanted  small  (2  to  3  mm.)  fragments 
into  the  subcutaneous  tissue  of  the  abdomen.  Contrary  to  the  results  of  Renton 
that  transplants  in  the  subcutaneous  tissues  did  not  survive,  we  have  found  that 
it  can  be  readily  transplanted  in  this  location  in  sexually  immature  rabbits. 
Whether  the  peritoneal  or  subperitoneal  tissues  are  still  more  favorable,  as  some 
authors  state,  we  have  no  data. 

As  with  the  spleen,  only  autotransplants  have  survived.  Immediately  after 
ihymectomy,  as  above  described,  two  autotransplants  were  placed  in  the  sub- 
cutaneous tissue  of  the  abdomen  of  each  of  8  rabbits.  Each  rabbit  was  between 
three  and  one-half  and  four  months  old.  Six  of  these  rabbits  have  been  observed 
for  three  months,  and  the  transplants  examined  directly  at  monthly  intervals. 
Two  females  were  kept  with  one  of  the  males.  Examination  at  the  end  of  the 
first  month  showed  that  both  were  pregnant,  which  is  earlier  than  rabbits  usually 
breed.  At  the  gross  examination,  the  transplants  in  all  three  seemed  negative, 
though  the  enlarging  breasts  made  the  examinations  unsatisfactory.  One  trans- 
plant area  was  removed  from  each  and  examined  histologically.  In  one  female, 
there  was  an  active  transplant,  while  in  the  other  female  and  the  male  the  trans- 
plants had  undergone  nearly  complete  absorption.  Of  the  remaining  five  two 
died  before  the  end  of  the  first  month.  The  remaining  three,  (two  females  and 
one  male)  had  active  transplants,  the  male  and  one  female  having  large  4  mm 
transplants,  showing  clearly^  that  growth  had  occurred. 


At  the  beginning  of  the  second  month,  the  female  with  the  large  thymus 
transplants  was  bred,  and  at  the  end  of  the  second  month  these  transplants  could 
not  be  found,  though  on  account  of  the  lactating  breasts  the  examination  was 
not  satisfactory.  The  male  with  large  transplants  at  the  end  of  the  first  month 
had  active  transplants,  possibly  larger  than  at  the  first  examination.  The  unbred 
female  also  had  active  transplants. 

Again  at  the  examination  after  three  months,  the  male  and  female  (now 
over  seven  months  old)  kept  isolated,  still  had  active  transplants.  One  from 
each  was  removed  for  histologic  examination.  Microscopically,  these  are  en- 
capsulated vascular  masses  of  compact  lymphoid  tissue.  There  is  no  increase  in 
fibrous  tissue  about  thymus  transplants  as  is  usually  seen  around  spleen  grafts. 

The  remaining  four  (used  for  breeding)  were  also  examined  at  the  end 
of  three  months,  and  the  five  remaining  transplant  areas  removed.  Definite  but 
small  masses  of  thymus  lymphoid  cells  were  found  in  two. 

These  experiments,  which  are  preliminary,  show  that  in  sexually  immature 
rabbits,  fragments  of  thymus  autotransplanted  into  the  subcutaneous  tissue  of 
the  abdomen  after  thymectomy  may  "take,"  grow,  and  survive.  There  is  clear 
though  scant  evidence  in  confirmation  of  other  observers'  results,  that  thymus 
removal  hastens  sexual  maturity.  Also,  as  others  have  found,  utilization  of 
rabbits  for  breeding  hastens  involution  of  the  thymus.  Our  experiments  show 
that  this  applies  to  the  transplanted  thym.us  as  well,  and  this  suggests  that  a 
specific  nerve  influence  is  not  essential  for  these  involutionary  changes. 
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STUDY  OF   A  CASE   OF  DIABETES   INSIPIDUS  WITH 
SPECIAL  REFERENCE  TO  THE  MECHANISM  OF 
THE  DIURESIS  AND  OF  THE  ACTION  OF 
PITUITARY  EXTRACT  ON  IT* 

C.    D.    CHRISTIE,    M.D.,    and    G.    N.    STEWART,  M.D. 

CLEVELAND 

The  case  of  diabetes  insipidus  reported  in  this  paper  presented,  on 
account  of  the  high  degree  of  the  diuresis,  an  unusually  good  oppor- 
tunity for  the  study  of  certain  points  in  connection  with  the  mechanism 
of  the  diuresis  and  the  influence  on  it  of  extracts  of  the  posterior  lobe 
of  the  pituitary  body.  Although  it  was  not  possible  to  induce  the 
patient  to  remain  long  enough  in  the  hospital  to  enable  us  to  complete 
our  program,  the  results  obtained  seem  worthy  of  being  recorded. 

The  manner  in  which  the  excretion  of  water  by  the  kidney  is  regu- 
lated has  formed  the  subject  of  recent  papers  by  Priestley^  and  by 
Haldane  and  Priestley.^  They  find,  as  T.  M.  Wilson,^  working  under 
the  direction  of  one  of  us,  previously  showed,  that  the  drinking  of 
water  is  followed  by  a  small  diminution  of  the  specific  conductivity  of 
the  blood  serum.  According  to  Wilson,  the  meaning  of  this  would 
seem  to  be  that  "when  the  relative  volume  of  serum  is  increased  (e.  g., 
by  drinking  water)  the  serum  becomes  more  dilute  as  regards  salts, 
and  therefore  has  a  diminished  specific  conductivity.  When  the  serum 
diminishes  in  amount,  water  seems  to  pass  out  of  it  in  greater  pro- 
portion than  salts."  Haldane  and  Priestley  were  unable  to  demon- 
strate any  change  in  the  relative  volume  of  the  plasma  which  could 
be  detected  by  estimating  the  percentage  hemoglobin  content.*  But 
Wilson,  using  a  more  delicate  test,  the  determination  of  the  rela- 
tive volume  of  corpuscles  and  plasma  by  the  electrical  method,^  was 
able  to  show  that  coincident  with  the  decrease  in  the  conductivity  of 
the  serum  there  was  a  slight  increase  in  its  volume  as  compared  with 
that  of  the  corpuscles. 

♦From  the  Department  of  Medicine  of  Lakeside  Hospital  and  the  H.  K. 
Gushing  Laboratory  of  Experimental  Medicine,  Western  Reserve  University 

1.  Priestley:  Jour.  Physiol.,  1916,  50,  304. 

2.  Haldane  and  Priestley:  Jour.  Physiol.,  1916,  50,  296. 

3.  Wilson,  T.  M.:  Am.  Jour.  Physiol.,  1905,  13,  150. 

4.  Hemoglobin  estimations  and  blood  counts  carried  on  throughout  the  period 
of  observation  on  our  patient  failed  to  show  any  definite  correspondence  with 
the  intake  of  water  or  the  diuresis. 

5.  Stewart,  G.  N.:  Jour.  Physiol,  1899,  24,  356. 


2 


It  seemed  to  us  not  unlikely  that  during  the  great  and  abrupt 
changes  in  the  diuresis  produced  in  our  case  by  posterior  lobe  extract, 
or  by  withholding  water,  or  allowing  it  in  the  enormous  amounts 
habitually  taken  by  the  patient,  a  greater  and  therefore  more  easily 
detectable  effect  might  be  produced  on  the  blood  than  was  possible  in 
any  normal  individual. 

An  attempt  was  made  by  measuring  the  blood  flow  through  the 
hands  to  determine  whether  posterior  lobe  extract  produced  any  effect 
on  the  superficial  vessels  which  might  afford  support  to  the  view  that 
it  affects  the  diuresis  by  a  change  of  caliber  of  the  renal  vessels. 

The  ability  of  the  kidney  to  excrete  a  concentrated  urine,  and  its 
behavior  to  so-called  "functional  tests,"  were  also  investigated. 

An  attempt  to  review  the  theories  which  have  at  various  times  been 
held  in  regard  to  the  mechanism  of  diabetes  insipidus  would  be  out  of 
place.  It  will  suffice  for  our  purpose  to  refer  to  a  few  of  the  investi- 
gations which  have  seemed  to  connect  the  condition  with  a  change  in 
the  activity  of  the  pituitary  body. 

The  frequent  association  of  diabetes  insipidus  with  tumors  and  injuries  about 
the  base  of  the  brain,  and  the  demonstration  by  Claude  Bernard  that  puncture 
of  the  floor  of  the  fourth  ventricle  occasionally  produced  a  polyuria  without 
glycosuria,  led  many  observers  to  the  belief  that  the  disease  was  in  some  way 
dependent  on  the  central  nervous  system.  Magnus  and  Schafer'  demonstrated 
that  extracts  of  the  hypophysis  caused  an  increased  urine  output.  Schafer  and 
Herring'  showed  the  diuretic  effect  of  hypophyseal  extract  to  be  a  property  of 
the  pars  intermedia.  They  claimed  the  diuretic  action  was  due  to  a  direct  stimu- 
lation of  the  kidney  cells,  associated  with  local  dilatation  of  the  kidney  vessels. 
The  work  of  Schafer  and  Herring  has  been  pretty  generally  accepted.  These 
observations  suggested  that  diabetes  insipidus  might  be  a  manifestation  of  a 
hyperactive  pituitary  body. 

Gushing^  later  pointed  out  that  patients  and  animals  frequently  developed  a 
diuresis  following  the  removal  of  the  posterior  lobe  of  the  pituitary  body 
which  was  not  unlike  diabetes  insipidus.  Frank"  observed  a  patient  in  whom 
diabetes  insipidus  had  developed  coincidently  with  the  lodgment  in  the  sella 
turcica  of  a  bullet  which  encroached  on  the  posterior  lobe  of  the  pituitary 
body.  Lewis  and  Mathews"  produced  an  analogous  condition  in  dogs  by 
inserting  foreign  material  in  the  sella  which  encroached  on  the  pituitary  body. 
Such  observations  cast  doubt  on  the  conception  that  diabetes  insipidus  was  the 
result  of  an  overfunctioning  posterior  lobe.  Gushing,*  von  den  Velden  and 
Farmi"  expressed  the  view  that  diabetes  insipidus  was  the  result  of  an  under- 
functioning  pituitary  body. 

There  are  in  the  literature  a  number  of  instances  of  patients  suffering  from 
diabetes  insipidus  who  have  experienced  amelioration  in  the  symptoms  after 
intramuscular  injection  of  posterior  lobe  extract.    Recently  recorded  instances 


6  Magnus  and  Schafer:  Jour.  Physiol.,  1901-1902.  27,  9  (Proc.  Physiol.  Soc). 
7.  Schafer  and  Herring:  Phil.  Tr.  Roy.  Soc,  1906,  199,  B.  p.  1. 

8  Gushing:  The  Pituitary  Body  and  Its  Disorders,  1912. 

9  Frank:  Berl.  klin.  Wchnschr.,  1912,  49,  393. 

10  Lewis  and  Mathews :  The  Archives  Int.  Med.,  1915,  15,  451. 

11  Von  den  Velden  and  Farmi:  Berl.  klin.  Wchnschr.,  1913,  50,  2083. 
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are  those  of  Motzfeldt"  and  Eisner."  Motzfeldt  reported  three  cases  in  which 
the  urine  output  was  cut  down  markedly,  and  in  one.  of  the  patients  there 
had  been  almost  complete  relief  from  the  symptoms  by  the  administration  of 
the  fresh  posterior  portion  of  the  gland  by  mouth. 

REPORT  OF  CASE 

History. — C.  F.,  woman,  single,  aged  31,  was  admitted  to  the  Lakeside  Hos- 
pital medical  service,  Nov.  13,  1916. 

The  patient's  health  had  always  been  good  until  the  present  trouble  began. 
There  was  no  history  of  acquired  or  congenital  syphilis.  She  was  well  and 
working  regularly  four  years  prior  to  admission,  when  she  noticed  rather  sud- 
denly that  she  was  passing  larger  quantities  of  urine  than  usual  and  that  her 
thirst  was  unquenchable.  She  was  forced  to  give  up  her  work  within -a 
short  time.  She  gradually  became  very  weak,  but  did  not  lose  weight.  Since 
that  time  her  condition  has  remained  much  the  same.  Some  days  the  urine 
output  and  the  thirst  have  been  greater  than  on  other  days.  The  urine 
output,  as  near  as  we  could  determine  from  the  history,  has  ranged  from  8  to 
16  liters  daily.  During  this  time  she  has  had  several  attacks  in  which  she 
would  be  confined  to  bed  with  shortness  of  breath  and  swollen  legs.  She 
has  also  suffered  intensely  with  a  "breaking  out"  on  the  hands  and  arms,  worse 
in  winter,  when  the  pain  and  itching  are  almost  intolerable. 

Physical  Examination. — If  it  were  not  for  an  anemia  the  patient  would  appear 
in  robust  health.  She  is  well  developed  and  slightly  inclined  toward  adiposity. 
The  skin  was  extremely  dry  and  showed  a  high  grade  of  anemia.  On  the  dorsum 
of  the  forearms  and  hands  there  was  a  papulosquamous  eruption.  The  skin  in 
these  areas  was  extremely  rough  and  dry,  with  multiple  fissures.  There  was 
some  slight  oozing  in  spots,  with  scab  formation  (dermatitis  hiemalis).  The 
examination  of  the  eyes,  pupils  and  eyegrounds  was  entirely  negative.  There  was 
a  venous  hum ;  no  thyroid  enlargement.  The  examination  of  the  chest  was  nega- 
tive, aside  from  rather  extreme  cardiac  enlargement.  No  murmurs  or  adventi- 
tious sounds  were  heard  over  the  precordium.  The  pulse  was  regular  and  there 
was  no  elevation  of  blood  pressure.  There  was  a  moderate  increase  in  the 
volume  of  the  liver,  but  it  was  not  tender.  Examination  of  the  nervous  system 
revealed  no  abnormal  findings. 

The  urine  was  pale,  of  large  quantity,  and  low  specific  gravity.  There  was 
a  faint  trace  of  albumin  in  the  admission  specimen,  but  subsequent  examinations 
revealed  none.   There  were  no  casts. 

The  blood  showed:  hemoglobin  (Sahli),  35  per  cent.;  white  blood  cells 
7,800;  red  blood  cells,  3,700,000. 

Lumbar  puncture  revealed  no  increase  in  pressure;  fluid  normal  in  appear- 
ance; two  cells  per  cubic  centimeter.  The  Noguchi  and  Wassermann  tests 
were  negative. 

Roentgenograms  of  the  region  about  the  sella  turcica  showed  no  increase 
in  the  size. 

One  sugar  determination  was  made  on  the  blood  of  this  patient  by  the 
method  of  Lewis  and  Benedict.  It  was  found  to  be  0.168  gm.  per  hundred  c.c. 
This  would  represent  a  distinct  hyperglycemia,  but  the  patient  had  never  shown 
sugar  in  the  urine,  so  immediately  following  the  above  determination  she  was 
given  250  gm.  of  dextrose  by  mouth  and  subsequent  urine  specimens  were 
examined  for  sugar.  They  were  all  negative.  The  reduction  in  the  blood  was 
probably  not  due  to  sugar. 


12.  Motzfeldt:  Boston  Med.  and  Surg.  Jour.,  1916,  174,  644. 

13.  Eisner:  Deutsch.  Arch.  f.  klin.  Med.,  1916,  120,  438. 
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METHODS  OF  STUDY 

Considerable  difficulty  was  encountered  in  the  management  of  this  case  The 
patient  frequently  drank  2  liters  of  water  at  a  time  and  voided  a  similar  amount 
ot  urme.  Strict  supervision  was  required.  She  was  placed  in  a  room  by  her- 
self and  was  constantly  watched  by  a  nurse.  Four  nurses  were  engaged  in 
her  care.  Water  was  measured  into  flasks  in  the  laboratory  and  delivered  to 
the  room  as  they  were  needed.  Other  fluids  were  measured  and  figured  in 
with  the  intake.  Food  was  given  to  the  patient  at  8  a.  m.,  12  m.,  and  5  p.  m., 
no  food  being  allowed  between  meals.  The  diet  was  general  except  on  days 
indicated  in  Figure  1  on  which  water  was  restricted.  On  these  days  the  regular 
Mosenthal  renal  test  diet  was  given.  The  days  when  the  renal  test  diet  was 
being  taken,  1,000  c.c.  of  water  was  given  with  each  meal  instead  of  the 
stipulated  amount.  No  water  was  allowed  between  meals  and  no  particular 
attempt  was  made  to  limit  the  water  after  8  p.  m.  on  these  days.  The  weight 
was  obtained  at  8  a.  m.  without  permitting  the  patient  to  drink  or  to  void 
after  7  a.  m. 

Blood  specimens  were  always  taken  from  the  median  cephalic  vein  into  a 
small  amount  of  oxalate,  for  blood  ureas,  sugar,  etc.  For  hematocrit  and 
electrical  conductivity  measurements,  it  was  taken  into  a  flask  with  beads  and 
immediately  defibrinated. 

EFFECT  OF  POSTERIOR  LOBE  EXTRACT 

The  profound  effect  of  intramuscular  injection  of  a  commercial 
extract  of  a  pituitary  solution  of  the  posterior  lobe  of  the  pituitary 
body  on  the  water  intake  and  the  urine  output  is  clearly  brought  out 
in  Figure  1.  As  nearly  as  could  be  determined,  the  effect  was  evident 
in  about  one  hour  following  the  administration.  For  the  first  three 
days  no  posterior  lobe  extract  was  administered.  On  the  first  day  it 
will  be  noticed  there  was  considerable  disparity  between  the  intake 
and  output.  This  was  undoubtedly  due  to  an  error  in  counting  the 
flasks  on  the  part  of  attendants,  who  were  not  accustomed  to  the  rou- 
tine, as  the  weight  remained  constant.  On  the  following  day  the 
water  intake  was  restricted  for  twenty-four  hours,  but  the  patient 
excreted  about  5,400  c.c.  more  urine  in  this  day  than  she  took  fluids. 
Figure  2  shows  that  on  this  second  day  the  patient  lost  III/2  pounds 
in  weight.  This  loss  is  accounted  for  by  the  excess  urine  output  over 
the  water  intake.  On  the  following  day,  December  5,  the  patient  kept 
some  of  the  ingested  fluid  and  recovered  some  of  her  admission  weight. 
On  the  three  following  days,  December  6  to  8,  the  patient  was  given 
posterior  lobe  extract,  1  c.c,  three  times  daily,  intramuscularly. 
Although  she  was  allowed  water  at  discretion,  the  tremendous  drop  in 
water  intake  and  urine  output  will  be  noted.  Her  thirst  was  greatly 
diminished  and  the  weight  remained  practically  constant  for  the  three 
days.  December  8,  or  the  third  day  of  the  posterior  lobe  extract  period 
the  fluids  were  again  restricted  to  a  much  greater  degree  than  on 
December  4,  but  on  the  4th  she  passed  a  great  excess  of  urine  over  the 
intake  and  was  very  uncomfortable,  while  on  the  8th  under  posterior 
lobe  extract  the  output  was  only  slightly  in  excess  of  the  intake,  the 


weight  fell  about  3  pounds  and  the  patient  suffered  only  moderate  dis- 
comfort from  thirst.  From  December  9  to  11,  inclusive,  no  posterior 
lobe  extract  was  given  and  no  fluid  restriction  imposed.  The  output 
and  intake  reached  a  higher  figure  than  we  have  ever  seen  recorded. 
On  each  of  the  following  three  days,  or  from  the  12th  to  the  14th, 
inclusive,  the  patient  was  given  1  c.c.  of  posterior  lobe  extract,  and  it 
will  be  noticed  that  the  intake  and  the  output  were  about  one-third  of 
what  they  were  when  she  received  3  c.c.  daily.  The  weight  gradually 
crept  up  on  these  three  days  to  near  her  admission  weight.  Decem- 
ber 15  the  fluids  were  again  restricted  and  the  patient  given  3  c.c.  of 
posterior  lobe  extract.  From  5  p.  m.  until  the  following  morning, 
December  16,  at  10  a.  m.,  restriction  of  water  was  made  as  severe  as 


Fig-  1- — Quantity  of  intake  and  output  per  day  expressed  in  liters.  Hatched 
column,  intake;  solid  column,  output.  On  days  marked  with  an  A,  fluids  were 
restricted;  other  days  there  was  no  fluid  restriction.  Days  indicated  by  a  T, 
posterior  lobe  extract  was  given  in  1  c.c.  dose,  intramuscularly,  three  times 
daily.  Days  marked  with  an  O,  a  single  dose  of  posterior  lobe  extract  was 
given  intramuscularly. 

possible  to  see  whether  any  effect  could  be  produced  on"  the  conductivity 
of  the  serum  and  its  relative  volume.  The  patient  in  the  twenty-six 
hours  ending  at  10  a.  m.,  December  16,  lost  6  pounds  in  weight. 

While  the  antidiuretic  effect  of  posterior  lobe  extract  given  intra- 
muscularly was  extremely  evident,  we  were  not  able  to  show  that  the 
drug  prepared  for  oral  administration  exerted  the  same  beneficial 
results,  although  the  results  have  not  been  completely  negative.  Our 
experience  with  the  oral  administration  of  fresh  posterior  lobes  from 
cattle  has  been  so  far  about  the  same  as  with  the  oral  administration 
of  the  prepared  extract.  Of  course,  it  is  obviously  impossible  to  con- 
tinue the  injections,  for  it  would  require  at  least  three  a  day  to  keep 
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the  patient  in  comfort,  as  the  effect  lasts  only  from  five  to  seven  hours. 
After  that  time  there  is  complete  escape  from  the  effect.  Larger  doses, 
2  CO.  per  injection,  were  no  more  satisfactory ;  in  fact,  less  so,  for  the 
effect  did  not  last  any  longer  and  there  were  more  unpleasant  accessory 
actions,  as  increased  irritability  of  the  bladder,  with  frequent  desire  to 
urinate. 

As  regards  the  effect  of  the  drug  on  the  blood  pressure,  the  systolic 
pressure  was  never  found  above  130  mm.  of  mercury,  and  the  diastolic 
ranged  near  75  mm.  Although  this  patient  had  a  hypertrophied  heart 
with  dilatation,  we  felt  there  was  no  contraindication  to  continuing  the 
injections.  No  change  was  noted  in  the  blood  pressure  following  the 
administration. 
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Fig.  2. — Represents  the  weight  of  the  patient  expressed  in  pounds.  These 
weights  were  obtained  at  8  a.  m.  On  days  marked  with  an  A,  fluids  were 
restricted. 

CONDUCTIVITY  AND  RELATIVE  VOLUME  OF  SERUM 

Table  1  shows  the  results  of  observations  on  three  specimens  of 
blood  and  serum.  Although  the  number  of  specimens  was  not  as  great 
as  could  have  been  wished,  owing  to  the  reluctance  of  the  patient,  the 
results  seem  to  show  clearly  enough  a  definite  although  slight  increase 
in  the  conductivity  of  the  serum  and  a  correspondingly  slight  decrease 
in  its  volume  relatively  to  that  of  the  corpuscles  when  the  intake  of 
water  was  greatly  diminished,  either  by  actual  restriction  or  by  giving 
posterior  lobe  extract,  which  lessened  the  thirst.  December  11,  as  will 
be  seen  from  Figure  1,  the  patient  took  in  and  excreted  over  20  Hterj 
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of  water.  December  15,  under  posterior  lobe  extract  and  slight  water 
restriction  (Table  6),  the  intake  was  only  4  liters  and  the  excretion  by 
the  kidney  6i/^  liters. 

In  the  seventeen  hours  preceding  the  collection  of  the  blood  speci- 
men, December  16,  water  was  restricted  as  much  as  possible  (little 
more  than  1  liter).  It  will  be. seen  (Table  1)  that  the  conductivity  of 
the  serum  of  December  16  is  the  highest,  and  its  relative  volume  the 
lowest  of  the  three  specimens,  while  the  corresponding  numbers  for 
December  16.  The  relative  voktme  of  the*  serum  was  determined  both 
by  the  electrical  method  and  the  hematocrit.  While  the  hematocrit 
only  gives  relative  results  on  account  of  the  difficulty  of  reaching  an 
absolutely  constant  end-point,  the  fact  that  the  longer  the  centrifugali- 
zation  is  continued  the  nearer  do  its  readings  come  to  those  of  the 
electrical  method,  confirms  the  accuracy,  at  least  for  comparative  pur- 
poses, of  the  results. 

TABLE  1. — Showing  Conductivity  and  Relative  Volume  of  Blood  Serum 


Date 


K  X  10«  at  5  C. 


Blood 


Serum 


12/U. 
12/15 

12/16 


54.6 
52.4 

53.7 


78.6 
79.5 

82.5 


Percentage  Volume  of  Serum  by 


Electrical 
Method 


82.9 
80.2 

79.0 


Hematocrit* 


79  (6%  min.)  SO  (13%  min.) 

76.5  (7  min.)  77.5  (12  min.) 
78  (17  min.) 

73  (14  min.)  74.8  (21  min.) 
75.7  (21  min.)  76.5  (36  min.) 


*  Turned  at  rate  of  4,000  revolutions  per  minute. 

The  differences  in  conductivity  do  not  seem  to  be  even  as  great  as 
those  observed-  by  Wilson  and  by  Haldane  and  Priestley,  in  whose 
observations  the  variations  in  the  quantity  of  water  transported  by  the 
blood  were  much  smaller.  It  must  be  remembered  that  the  blood  is 
simply  the  transportation  system  for  the  water,  and  the  amount  in 
transit  at  any  moment  is  no  more  an  index  of  the  amount  transported 
per  hour  or  day  than  the  number  of  cars  of  wheat  on  a  railway  on  a 
given  day  are  an  index  to  the  size  of  the  wheat  crop.  While  it  would 
not  be  justifiable  from  so  small  a  number  of  observations  to  draw  the 
conclusion  that  the  kidney  is  stimulated  to  increase  its  excretion  of 
water  by  an  even  smaller  excess  of  water  in  the  blood  in  diabetes 
msipidus  than 'in  health,  the  suggestion  may  be  made  that  if  the  kidney 
IS  really  abnormally  sensitive  to  water  excess,  so  that  the  threshold  of 
the  stimulus  is  lowered,  it  would  afford  an  explanation  of  the  con- 
dition.  It  must  be  remembered,  however,  that  in  this  patient  the  pro- 
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portion  of  plasma  in  the  blood  is  greater  than  normal,  so  that,  on  the 
assumption  that  the  total  volume  of  blood  is  not  less  than  normal,  the 
addition  of  a  given  amount  of  water  to  the  blood  would  not  dilute  the 
plasma  so  much  or  increase  its  relative  volume  so  much  as  in  a  normal 
person. 

MEASUREMENT  OF  THE  BLOOD  FLOW  IN  TPIE  HANDS 

This  was  done  on  four  days  by  the  method  previously  described  by 
one  of  us.^*  The  idea  was  to  see  whether  posterior  lobe  extract  caused 
any  definite  effect,  on  the  blood  flow  through  the  superficial  vessels  at 
the  time  when  it  was  causing  a  decrease  in  the  diuresis.  If  its  anti- 
diuretic effect  was  associated  with  an  alteration  in  the  flow  through' 
the  superficial  vessels  (not  associated  with  a  change  in  the  heart's 
action,  which  there  was  no  reason  to  suspect),  it  was  argued  that  this 
would  render  it  more  probable  that  vascular  reactions  were  occurring 
elsewhere,  as  in  the  kidney,  which  might  account  for  the  diminution  in 


TABLE  2. — Blood  Flow  in  the  Hands- 


Temperature  (C.)  of 

Volume  of 
Hands  in  O.c. 

Heat  Given  Off 
in  Grams. 

Date 

Pulse 
Bate 

Boom 

Arterial 
Blood 

Calorimeters 

Calories 

Right 

Left 

Bight 

Left 

Bight 

Left 

In  Min 

12/11/16 

78 

24.0 
24.0 

36.92 

31.81 
31.88 

31.75 
31.86 

347 

360 

573 
725 

761 
1,032 

10 
10 

12/14/16 

75 

24.4 
25.4 

36.58 

31.75 

31.72 

357 

362 

237 
348 

270 
315 

10 
10 

12/15/16 

84 

24.0 
24.5 

36.90 

32.03 
32.17 

32.07 
32.26 

366 

358 

933 
930 

1,108 
1,092 

10 
10 

12/16/16 

78 

24.2 
24.8 

36.90 

31.30 
31.35 

31.35 
31.45 

357 

358 

662 
652 

754 
855 

10 
10 

the  excretion  of  the  urine.  A  dilatation  in  peripheral  areas  might  very 
well  be  associated  with  a  renal  constriction.  Unfortunately,  the  exist- 
ing dermatitis  on  the  patient's  hands  rendered  them  peculiarly  sus- 
ceptible to  contact  with  water,  so  that  the  uniformity  of  results  in  the 
control  observations  was  less  than  is  usually  seen  under  hospital  con- 
ditions. She  said  the  water  increased  the  irritation,  and  she  had  a 
similar  objection  to  protecting  the  skin  by  oil  or  vaselin,  so  that  it 
proved  impossible  to  get  as  many  observations  as  we  desired.  The  skin 
affection  and  the  anemia,  which  is  always  associated  with  subnormal 
hand  flow,  rendered  the  exposed  parts  abnormally  susceptible  to 
changes  of  temperature  in  the  wards.  In  spite  of  these  drawbacks, 
however,  the  four  experiments  carried  out,  the  condensed  results  of 
which  are  given  in  Table  2,  do  seem  to  indicate  an  increase  in  the 
hand  flow  under  the  influence  of  posterior  pituitary  lobe  extract. 


14.  Stewart,  G.  N.:   Heart,  1911,  3,  33. 
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The  highest  flows  were  seen  on  December  15,  when  the  antidiuretic 
effect  was  well  established.  Not  only  was  the  flow  decidedly  better, 
than  in  the  two  control  experiments  (on  December  11  and  December  14) 
when  no  posterior  lobe  extract  was  being  given,  but  the  flow  was  steady 
practically  from  the  time  the  hands  were  put  into  the  calorimeter,  and 
did  not  slowly  creep  up  over  a  considerable  period  of  time,  as  in  the 
control  experiments.  This  slow,  almost  reluctant,  increase  is  a  feature 
of  the  flow  in  the  hand  when  its  vessels  have  an  abnormally  great  ten- 
dency to  vasoconstriction,  and  when  the  maximum  flow  is  reached  it 
will  then,  in  any  case,  be  small.  Both  criteria,  therefore,  indicate  that 
on  December  15  the  posterior  lobe  extract  had  to  a  considerable  extent 
overcome  the  tendency  to  cutaneous  vasoconstriction.  The  measure- 
ment of  December  16,  although  it  gave  a  somewhat  lower  flow  than 
the  first  control  measurement  (of  December  11),  is  not  really  out  of 
harmony  with  this.   The  patient  had  received  no  posterior  lobe  extract 


A  Patiknt  with  Diabetes  Insipidus 


Blood  Plow 
in  Gm.  per 
Minute 

Plow  per  100  O.c. 
of  Hand  per 
Minute 

Period  in  Calorimeter 

Bern arks 

ight 

Left 

Bight 

Left 

2.46 
5.98 

16.35 
22.66 

3.59 
4.60 

4.54 
e.29 

First  ten  minutes 
Second  ten  minutes 

No  posterior  lobe  extract 

5.45 
7.94 

6.17 
7.14 

1.52 
2.22 

1.70 
1.97 

Second  ten  minutes 
Third  ten  minutes 

No  posterior  lobe  extract 

1.29 
1.84 

25.49 
26.15 

5.81 
5.96 

7.12 
7.30 

Pirst  ten  minutes 
Second  ten  minutes 

Posterior  lobe  extract  action 

1.94 
3.05 

15.09 
17.43 

3.34 

3.65 

4.21 
4.86 

Second  ten  minutes 
Third  ten  minutes 

Doubtful  posterior  lobe  extract 
action 

for  seventeen  hours,  but  one  hour  before  the  measurement  was  started 
she  was  given  1  c.c.  Also  she  had  lost  six  pounds  in  weight  during  the 
previous  period  of  water  restriction,  and  much  of  the  water  she  was 
now  taking  was  not  being  excreted  by  the  kidneys,  but  was  going  back 
into  the  tissues.  Furthermore,  she  had  been  sitting  around  the  ward, 
as  she  wanted  to  leave  the  hospital,  and  said  that  she  had  been  cold 
all  the  morning.  Her  hands  were  cold  when  they  were  put  into  the 
bath.  The  patient  said  she  had  noticed  that  after  receiving  the  injec- 
tions the  skin  of  the  hands,  which  was  habitually  dry,  became  more 
moist  and  that  her  hands,  which  were  habitually  cold,  became  warmer. 
We  confirmed  the  statement  that  sweat  appeared  distinctly  on  the 
hands  when  she  was  under  the  influence  of  posterior  lobe  extract,  while 
at  other  times  they  were  extremely  dry. 

The  dermatitis  was  worse  on  the  left  hand  and  arm,  which  probably 
accounts  for  the  greater  flow  in  that  hand  on  December  11,  15,  and  16. 


10 

That  the  inequality  was  due  to  a  vasomotor  and  not  to  a  mechanical 
difference  is  shown  clearly  in  the  experiment  of  December  14,  when, 
under  the  influence  of  markedly  increased  vasoconstriction  due  to  cold 
(two  of  the  fingers  on  the  right  hand  had  been  "dead"  earlier  in  the 
day,  she  said),  the  inequality  disappeared.  If  the  flow  for  the  second 
and  third  ten-minute  periods  of  the  experiment  be  added,  they  are 
practically  equal  for  the  two  hands. 

ABILITY  OF  THE  KIDNEY  TO  CONCENTRATE  THE  URINE 

Erich  Meyer^^  advanced  the  hypothesis  that  the  diuresis  of  diabetes 
insipidus  is  primarily  the  result  of  a  disease  of  the  kidney.  Such  a 
view  has  been  maintained  essentially  on  the  assumption  that  the  kid- 
neys of  patients  afflicted  with  diabetes  insipidu.=  were  not  able  to  elevate 
the  concentration  of  the  urine.  MosenthaP^  has  recently  offered  evi- 
dence in  favor  of  Meyer's  hypothesis.  Histologic  examination  of  the 
kidneys  in  diabetes  insipidus  lends  no  support  to  the  view  that  the  con- 
dition is  due  to  any  structural  alterations  in  these  organs. 

There  are  now  quite  a  few  instances  recorded  in  the  literature  of 
patients  afflicted  with  diabetes  insipidus  whose,  kidneys  have  shown 
definite  concentrating  ability.  Fitz,^^  in  this  country,  has  reported  a 
case  in  which  he  was  able  to  demonstrate  a  moderate  ability  on  the 
part  of  the  kidney  to  elevate  the  specific  gravity  of  the  urine.  Both 
Motzfeld'2  and  Eisner,"  by  the  use  of  pituitary  extract  injections,  were 
able  to  show  the  same  thing,  only  to  a  more  marked  degree. 

Our  patient  had  a  severe  anemia,  which  in  itself  is  sufficient  to 
impair  the  ability  of  the  kidneys  to  concentrate  the  urine,  as  has  been 
recently  shown  by  Mosentlial,^*'  Christian^^  and  unpublished  data  accu- 
mulated by  one  of  us  (C).  Probably  if  it  had  not  been  for  this  dis- 
turbing element  our  results  would  have  been  more  striking  than 
they  are. 

In  studying  the  concentrating  ability  of  the  kidneys  the  patient  was 
put  on  a  standard  Mosenthal  renal  test  diet.  This  diet  contains 
13.4  gm.  of  nitrogen,  8.5  gm.  of  sodium  chlorid  and  1,760  c.c.  of  fluids. 
No  alterations  were  made  in  the  procedure  except  to  elevate  the 
quantity  of  water  served  at  each  meal.  Days  when  these  test  diets 
were  run  have  been  indicated  in  Figure  1  by  the  term  "water  restric- 
tion." On  all  of  the  days  when  the  patient  was  taking  the  renal  test 
diet  no  attempt  was  made  to  restrict  the  patient's  water  intake  after 


15.  Meyer.  Erich:  Deutsch.  Arch.  f.  klin.  Med.,  1905.  83.  1;  Ztschr.  f.  kli.i. 
Med.,  1912,  74,  352. 

16.  Mosenthal:  The  Archives  Int.  Med.,  1915,  16,  733. 

17.  Fitz:  The  Archives  Int.  Med.,  1914,  14,  706. 

18.  Christian:  The  Archives  Int.  Med.,  1916,  18,  429. 
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8  p.  m..  So  in  reality  we  only  made  twelve-hour  observations ;  but  for 
completeness  the  "night"  urine  was  balanced  for  estimating  total 
nitrogen  and  chlorid  output. 

Table  3  shows  the  response  of  the  patient's  kidneys  to  a  renal  test 
meal  on  November  27,  six  days  before  our  more  accurately  controlled 
period  began.  No  posterior  lobe  extract  was  given.  The  diuresis  was 
not  so  great  on  this  day  as  it  had  been  on  other  days,  and  the  specific 
gravity  of  the  night  urine  was  distinctly  higher  than  usual.  The  excre- 
tion of  nitrogen  and  salt  was  perfectly  normal.  Although  there  was 
moderate  fixation  of  the  specific  gravity,  the  percentage  excretion  of 
salt  and  nitrogen  would  indicate  definite  concentrating  ability  on  the 
part  of  the  kidney. 

TABLE  3. — Response  of  Patient's  Kidneys  to  a  I?£Nal  Test 
Meal  Without  Posterior  Lobe  Extract 


Time 

Amount, 
O.c. 

Sp.  Gr 

1,226 
955 

1,150 
750 
400 
615 

1.000 
1.000 
1.004 
1.003 
1.005 
1.003 

10  to  12  

12  to  2   

2  to  4  

4  to  6  

(i  to  8  

5,096 
1,315 

Night,  8  to  8  

1.007 

6,4il 
6,810 

+399 

Cblorids 


4.59 
3.29 


7.88 
8.5 


+0.62 


Per  Cent. 


0.09 
0.24 


Nitrogen 


Per  Cent. 


5.79 
5.67 


11.46 
13.4 


+1.94 


0.11 
0.43 


It  was  thought  that  if  extreme  water  restriction  were  imposed  with 
the  patient  under  the  regime  of  a  renal  test  meal  and  no  posterior  lobe 
extract,  that  the  concentrating  ability  of  the  kidney  might  be  made 
more  evident  than  in  Table  3.  Table  4  shows  the  result  of  such  an 
observation  on  December  4.  This  was  the  second  day  of  the  observa- 
tion period  and  during  the  first  ten  hours  the  patient  was  restricted  to 
1,760  c.c.  of  water.  It  was  necessary  to  terminate  the  observation  at 
6  p.  m.,  and  allow  water.  It  will  be  seen  that  the  patient  excreted 
5,400  c.c.  more  fluid  than  she  took  in  and  lost  lU/,  pounds  in  weight 
as  shown  in  Figure  2,  on  December  5.  The  nitrogen  and  salt  were  not 
determined  in  this  instance,  but  it  will  be  noticed  that  the  concentrating 
ability  of  the  kidnev  was  only  slightly  in  evidence. 
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TABLE  4.-URINE  Concentration  Under  Extreme  Water  Restriction 
Without  Posterior  Lobe  Extract 


Time 


8  to  10  

10  to  12  

12  to  2  

2  to  4  

4  to  6  

Total  day... 
Night,  6  to  8 

Total  output  

Intake  

Balance  , 


Amount,  O.c. 


1,885 
722 
1,270 
1,075 
910 


6,962 
5,600 


Specific  Gravity 


1.003 
1.002 
1.005 
1.007 
1.007 


1.002 


11,562 
6,160 


—5,402 


TABLE  5.— Showing  Response  of  Patient's  Kidneys  to  a  Renal  Test  Meal 


Time 

Amount, 
C.c. 

Sp.  Gr. 

Ohlorids 

Per  Cent. 

Nitrogen 

Per  Cent. 

10  to  12   

12  to  2  

2  to  4  

6  to  8  

320 
100 
100 
155 
135 
207 

l.OOl* 

1.011  ^ 

1.013 

1.010 

1.015 

1.006 

Night,  8  to  8  

1,017 
4,370 

2.01 
3.49 

0.2 
0.08 

3.27 
5.87 

0.3 
0.13 

5,387 
4,210 

5.50 
4.40 

9.04 
12.60 

—1,177 

—1.10 

+3.54 

*  1  C  O.  posterior  lobe  extract  9  a.  m.,  3  p.  m.  and  9  p.  m. 

Table  5  represents  the  response  of  the  patient's  kidneys  to  a  renal 
test  meal  given  December  8  of  our  period  of  observation.  The  patient, 
as  shown  in  the  table,  received  three  intramuscular  injections  of  pos- 
terior lobe  extract  of  1  c.c.  each,  at  9  a.  m.,  3  p.  m.  and  9  p.  m.  In 
this  experiment,  as  well  as  in  the  subsequent  one,  it  will  be  noticed  that 
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the  9  a.  m.  dose  of  posterior  lobe  extract  did  not  show  any  marked 
effect  until  after  10  a.  m.  It  will  be  seen,  however,  that  there -is  a  dis- 
tinct ability  on  the  part  of  this  patient's  kidneys  to  elevate  the  specific 
gravity  of  the  urine.  The  nitrogen  and  salt  elimination  appear  normal. 
There  seems  to  be  a  tendency,  however,  for  the  solids  to  be  excreted  in 
greater  quantities  during  the  night.  But  this  was  just  as  apparent 
when  the  patient  was  not  under  the  influence  of  the  drug.  The  effect 
of  the  dose  given  at  9  p.  ni.  usually  wore  off  between  2  and  4  a.  m. 

Table  6  shows  the  results  of  a  test  diet  day  on  December  15  of  our 
period  of  observation.  The  results  confirm  those  shown  in  Table  5, 
although  the  patient  did  not  seem  to  get  so  much  under  the  effect  of  the 
three  doses  of  posterior  lobe  extract  as  she  did  in  that  instance. 


TABLE  6. — Results  on  Urine  of  a  Test  Diet 


Time 

Amount, 
O.c. 

Sp.  Gr. 

Cblorids 

Per  Cent. 

Nitrogen 

Per  Cent. 

8  to  10  

i  to  6  

1,010 

230 
922 
360 
162 
124 

1.001* 

1.012 

1.004 

1.007 

1.012 

1.007 

Night,  8  to  8  

2,808 
3,710 

1.001 

4.40 
4.04 

0.15 
0.11 

3.75 
5.35 

0.13 
0.14 

6,518 
4,010 

8.44 
4.25 

9.10 
11.88 

—4.19 

+2.78 

*  1  c.c.  posterior  lobe  extract  9  a.  m.,  3  p.  m.  and  9  p.  m. 

There  was  a  phenolsulphonephthalein  excretion  of  70  per  cent,  in 
two  hours.  Blood  urea  was  twice  estimated.  Two  hours  after  an 
essentially  carbohydrate  breakfast  it  was  0.017  gm.  per  100  c.c.  The 
urea  index  at  the  same  time  was  157.  Anotlier  blood  urea  estimation 
two  hours  following  a  protein  meal  gave  0.028  gm.  per  100  c.c.  and  a 
urea  index  of  81. 

We  can  conclude,  then,  that  with  posterior  lobe  injections  this 
patient's  kidneys  had  ample  ability  to  concentrate  the  urine.  Without 
the  drug  there  was  evidence  that  the  kidneys  had  only  a  meager  abilitv 
to.  elevate  the  specific  gravity.  Other  functional  tests  all  indicated 
a  normal  kidney  excretion. 
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SUMMARY 

The  regulation  of  the  excretion  of  water  by  the  kidney  was  studied 
in  a  case  of  diabetes  insipidus.  It  was  supposed  that  on  account  of  the 
high  degree  of  the  diuresis,  the  great  quantity  of  water  ingested  and 
transported,  and  the  marked  diminution  in  the  excretion  and  ingestion 
caused  by  pituitary  posterior  lobe  extract,  the  conditions  for  such  a 
study  would  be  unusually  favorable. 

The  conductivity  of  the  blood  serum  was  slightly  increased  and  the 
relative  volume  of  serum  slightly  diminished  when  the  water  excretion 
was  lessened  by  posterior  lobe  extract  or  by  water  restriction. 

The  blood  flow  in  the  hands  seemed  to  be  increased  during  the 
antidiuretic  action  of  posterior  lobe  extract.  This,  so  far  as  it  goes, 
supports  the  view  that  a  vascular  effect  in  the  opposite  direction  on  the 
renal  vessels  may  be  responsible  for  the  diminution  in  the  urine 
excretion. 

It  was  shown  that  under  the  action  of  posterior  lobe  extract  the 
kidneys  had  the  power  of  effecting  a  considerable  concentration  of  the 
urine.  Other  kidney  functional  tests  gave  a  normal  response.  Accord- 
ingly, no  indication  was  obtained  that  the  condition  was  in  any  way 
associated  with  a  pathologic  alteration  in  the  kidney. 
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THE  EFFECT  OF  BANDAGING  OF  THE  LEGS  ON  THE 
RATE    OF    BLOOD    FLOW    IN    THE  FEET* 


G.   N.   STEWART,  M.D. 

CLEVELAND 

It  has  been  suggested  by  some  observers  of  the  condition  known  as 
"trench-foot,"  which  was  so  common  among  the  soldiers  in  the 
trenches  in  Belgium  and  France,  especially  during  the  first  winter  of 
the  war,  that  obstruction  of  the  venous  return  by  the  puttees  worn  by 
the  British  troops  was  an  important  contributory  factor. 

The  observations  which  form  the  subject  of  this  paper  are  con- 
cerned only  with  the  effect  of  relatively  short  applications  of  the 
puttees.  Having  been  made  in  a  laboratory  on  a  normal  man,  they  do 
not  reproduce  what  is  probably  an  important  condition  for  the  devel- 
opment of  trench-foot,  if  the  pressure  of  the  puttees  has  anything  to 
do  with  the  condition,  namely,  the  swelling  under  an  already  tight, 
wet,  and  dirty  bandage.  So  far  as  the  technic  of  the  observations  is 
concerned,  it  would  have  been  easy  enough  to  study  the  circulatory 
changes  at  first  hand  on  soldiers.  Not  having  been  able  to  do  this 
(and  of  course  in  such  matters  the  military  authorities  must  be  the 
final  judges  as  to  what  military  exigencies  will  allow),  the  writer  is, 
for  the  present  at  least,  obliged-to  content  himself  with  publishing  a 
few  specimen  results  on  a  normal  man,  which  he  had  hoped  to  com- 
pare with  data  obtained  by  clinical  studies  of  the  actual  condition  at 
different  stages.  Since,  however,  so  far  as  I  am  aware,  no  investiga- 
tion of  the  influence  of  such  bandages  applied  to  the  legs  on  the  flow 
of  blood  in  the  feet  has  been  published,  and  since  such  measurements 
have  an  interest  in  other  relations,  the  application  of  bandages  to 
limbs  being  so  common  in  surgery  and  in  certain  medical  procedures, 
it  seems  worth  while  to  record  the  result  of  this  preliminary  study. 

The  observations  were  made  on  M.  C,  a  healthy  man,  aged  26 
years,  weight  165  pounds,  height  5  feet,  10  inches.  Numerous  measure- 
ments of  the  blood  flow  in  his  hands  and  feet  have  been  made  in  the 
past  few  years,  so  that  the  range  of  variation  of  the  flow  under  the 
conditions  of  the  observations- is  well  known.^    In  all  the  experiments 

*From  the  H.  K.  Gushing  Laboratory  of  Experimental  Medicine,  Western 
Reserve  University  School  of  Medicine,  Gleveland. 
1.  Stev/art,  G.  N.:  Jour.  Exper.  Med.,  18,  354,  372. 


the.  amount  of  water  in  the  calorimeters  was  2,550  c.c.  The  puttees 
were  always  applied  over  the  trousers,  which  were  tucked  in  in  the 
usual  way. 

October  22.  M.  C,  four  hours  after  breakfast,  put  his  feet  in  the  bath 
at  11:02  and  in  calorimeters  at  11:18  a.  m.  The  pulse  was  90.  At  11:40 
a  puttee  was  put  on  the  right  leg  with  the  ordinary  degree  of  firmness.  At 


TABLE  1 


Time 

Temperature  of 
Calorimeters 

Boom 
Tempera- 
ture 

Time 

Temperature  of 
Calorimeters 

Boom 
Tempera- 
ture 

Bight 

Left 

Bight 

Lett 

11:17 

31.08 

31.22 

12:05 

31.795 

31.59 

li.l 

11:20 

31.19 

31.24 

24.3 

Iz.OY 

81.82 

31.63 

11:22 

31.24 

31.27 

24.3 

12:09 

31.85 

31.65 

OA  J 

11:24 

31.28 

81.29 

24.3 

12:11 

81.88 

31.675 

11:26 

31.32 

81.30 

12:13 

81.91 

31.69 

OA  1 

11:28 

31.36 

31.34 

24.4 

12:15 

31.96 

31.74 

11:80 

31.895 

81.86 

12:17 

32.00 

SI. 770 

9A  1 
^4.1 

11:82 

31.41 

31.37 

24.2 

12:19 

32.06 

01  CO 

11:36 

31.44 

31.39 

24.2 

12:21 

32.10 

31.86 

11:38 

31.47 

31.40 

24.3 

12:23 

32.14 

31.90 

11:40 

31.495 

31.43 

12:25 

82.19 

81.94 

24.1 

11:43 

31.52 

31.44 

24.2 

12:27 

32.23 

81.97 

11:46 

31.53 

.  31.45 

12:29 

32-295 

32.04 

24.1 

11:47 

81.55 

31.455 

24.2 

12:31 

82.34 

32.08 

11:49 

31.58 

31.46 

24.2 

12:33 

82.39 

82.125 

24.1 

11:51 

31.60 

31.465 

12:36 

82.43 

82.16 

11:63 

31.62 

31.47 

24.2 

12:38 

32.47 

n.ia 

24.1 

11:55 

31.63 

81.475 

12:40 

32.49 

32.195 

li:57 

31.66 

81.485 

24.2 

12:42 

82.50 

82.22 

24.1 

11:59 

81.68 

31.50 

12:44 

82.52 

32.24 

12:01 

81.72 

31.54 

24.2 

12:46 

32.44 

32.19 

12:03» 

81.76 

31.57 

..1 

82.12 

31.87 

♦  Eight  foot  feels  more  comfortable  than  left,  and  ,a  little  warmer 

12:23  the  puttee  was  rapidly  taken  off.   At  12:44  the  feet  were  removed  from 

the  calorimeters.  „  „o  i 

The  cooling  of  the  calorimeters  in  fifteen  mmutes  was  0.32  C.   The  volume 
of  the  right  foot  was  1,171  c.c.  of  the  left.U28  cx-    The  water  eqmvalen 
of  the  calorimeters  with  their  contents  was,  right  3,616  c.c,  left  3,584  c.c  llie 
rectal  temperature  was  36.89  C. 

In  Table  1  is  given  an  experiment  in  which  a  puttee  was  applied 
only  to  the  right  leg.    Since  the  pressure  is  not  the  only  effect  which 
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the  bandage  can  exert  on  the  blood  flow,  but  the  warmth  may  also  be 
important,  in  other  experiments  puttees  were  applied  to  both  legs,  but 
with  different  degrees  of  tightness. 

In  this  experiment  the  flow  in  the  feet  was  less  than  in  the  others 
cited,  possibly  because  the  subject  had  been  going  about  for  some  time 
with  bare  feet  and  legs,  completing  the  preparations  for  the  observa- 
tions ;  probably  also  in  part  because  the  experiment  was  made  several 
hours  after  a  meal.  The  taking  of  food,  since  it  increases  metabolism, 
must  also  increase  the  heat  loss,  and  therefore  the  vasodilatation  of 
the  skin.    The  initial  vasoconstriction  due  to  exposure  of  the  feet 


TABLE  2 


Time 

Temperature  of 
Calorimeters 

Room 
Tempera- 
ture 

1 
! 

j     Time  , 

Temperature  of 
Calorimeters 

Room 
Tempera- 
ture 

Right 

Left 

Right 

Left 

2:87 

30.89 

30.95 

3:10, 

32.95 

82.875 

2:40 

30.99 

31.08 

24.0 

3:12 

33.01 

32.95 

24.0 

2:42 

31.20 

31.20 

24.1 

8:14 

33.09 

83.03 

24.1 

2:44 

31.40 

31.39 

24.2 

3:16 

33.18 

33.13 

2:46 

31.57 

81.55 

24.3 

3:18 

33.26 

33.19 

24.1 

2:48 

31.73 

31.71 

24.3 

3:20 

33.36 

33.30 

2:50 

31.89 

31.88 

3:22 

33.45 

33.37 

24.1 

2:52 

82.02 

32.99 

3:24 

33.53 

33.46 

2:56 

32.24 

32.18 

24.1 

3:26 

33.61 

33.55 

24.1 

2:58 

32.33 

32.28 

24.1 

3:28 

83.70 

33.65 

3:00 

32.45 

32.38 

3:30 

33.78 

33.72 

24.15 

3:02 

3?..58 

32.51 

24.0 

8:32 

83.86 

33.785 

3:04 

32.72 

32.65 

3:34 

33.81 

38.74  • 

3:06 

32.80 

32.74 

24.0 

3:46 

83.50 

33.43 

3:08 

32.88 

32.80 

24.0 

tended  to  pass  off  as  the  experiment  proceeded,  the  rate  of  flow 
increasing  in  the  successive  periods.  But  there  was  no  indication 
that  the  puttee  on  the  right  leg  in  any  way  interfered  with  the  flow 
in  the  right  foot.  The  ratio  of  the  minute  flow  in  the  left  foot  to  that 
in  the  right  was  almost  precisely  the  same  in  the  eighteen  minutes 
before  the  application  of  the  puttee  as  in  the  forty  minutes  during 
which  it  remained  on.  The  data  are  displayed  in  succinct  form  in 
Table  5. 

In  the  experiment  shown  in  Table  2  a  puttee  was  applied  firmly  to 
the  right  leg.  The  degree  of  pressure  of  the  puttee  was  about  what 
the  soldier  commonly  employs.  On  the  left  leg  a  similar  puttee  was 
applied  quite  loosely,  so  that  the  heat-conserving  effect  would  be  the 


6 


same  as  on  the  right  leg,  while  the  pressure  was  negligible  For  the 
ten  minutes  before  the  application  of  the  puttees  the  flow  per  minute 
per  100  c.c.  of  part  was  7.18  gm.  for  the  right  and  7.2  gm  for  the 
left  foot,  practical  equality.  For  twenty  minutes  with  the  puttees 
on,  the  flow  was  6.43  gm.  and  6.58  gm.  per  minute  per  100  c  c  For 
fourteen  minutes  after  removal,  of  the  puttees  the  flow  was  8.09  gm 
and  8.13  gm.  per  100  c.c.  per  minute  for  the  right  and  left  foot 
respectively. 

TABLE  3 


Time 

Temperature  of 
Calorimeters 

Room 
Tempera- 
ture 

 ■  

Time 

Temperature  of 
Calorimeters 

Room 
Tempera- 
ture 

Right 

Left 

2:36 

30.87 

30.88 

3:17 

33.33 

99 

24.2 

2:38 

30.93 

30.97 

24.1 

3:19 

33.40 

OOc  1 

2:40 

31.09 

31.09 

24.1 

3:21 

33.47 

24.2 

2:42 

31.28 

31.27 

3:23 

33.62 

^  49 

2:44 

31.42 

31.43 

24.1 

3:25 

33.595 

33.47 

24.2* 

2:46 

31.58 

31.55 

3:27 

33.65 

33.54 

24.25 

2:48 

31.70 

31.68 

24.0 

3:29 

33.72 

33.59 

2:50 

31.85 

31.82 

3:31 

33.78 

33.66 

24.2 

2:52 

31.99 

31.92 

24.1 

3:33 

33.83 

33.72 

2:54 

32.12 

32.055 

3:35 

33.90 

33.79 

24.2 

2:56 

32.25 

32.16 

24.1 

3:37 

33.97 

33.86 

3:00 

32.41 

32.34 

24.3 

3:39 

34.02 

33.915 

24.2 

3:02 

32.53 

32.45 

24.25 

3:41 

34.07 

33.96 

3:05 

32.70 

32.60 

24.3 

3:43 

34.13 

34.02 

24.2 

3:07 

32.805 

32.69 

3:45 

34.19 

34.07 

3:09 

32.90 

32.80 

24.25 

3:47 

34.26 

34.14 

24.2 

3:11 

33.00 

32.91 

3:49 

34.30 

34.18 

3:13 

33.11 

33.03 

24.2 

3:51 

34.26 

34.12  • 

3:15 

33.22 

33.13 

4:05 

33.90 

33.76 

*  Left  leg  felt  cool  after  the  puttee  was  taken  off  it;  the  right  leg  felt  warm. 

October  26.  M.  C,  had  lunch  one  hour  before,  and  had  walked  outside  for 
some  time.  The  pulse  was  94.  The  feet  were  put  in  the  bath  at  2:22,  and 
in  calorimeters  at  2 :  39  p.  m.  At  2 :  52  a  puttee  was  put  firmly  on  the  right  leg 
and  one  slackly  on  the  left  leg.  At  3 :  16  the  puttees  were  taken  off  quickl}^  At 
3  :32  the  feet  were  taken  out  of  the  calorimeters. 

The  cooling  of  the  calorimeters  in  twelve  minutes  was  0.31  C.  The  volume 
of  the  right  foot  was  1,180  c.c,  of  the  left  1,128  c.c.  The  water  equivalent  of  the 
calorimeters  with  their  contents  was,  right  3,623  c.c,  left  3,385  c.c.  The  rectal 
temperature  was  37.05  C. 

If  the  twenty  minute  period  is  analyzed,  it  is  seen  that  for  the  first 
half  of  it  the  flow  was  6.84  gm.  and  6.97  gm.  for  the  two  feet. 
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respectively;  and  for  the  second  half  6.13  gm.  and  6.3  gm.  The 
diminution  in  the  right  foot  is  not  due  to  pressure  of  the  bandage, 
since  it  is  the  same  as  the  diminution  in  the  left.  Removal  of  the 
puttees  was  followed  by  some  increase  in  flow  in  both  feet,  but  without 
disturbance  of  the  relation  of  equality  in  the  two  feet  present  from 
the  beginning  of  the  experiment.  The  increased  flow  cannot  be  inter- 
preted as  due  to  the  vasomotor  paralysis  following  the  removal  of  a 
tight  bandage  described  by  Bier.  For  the  puttee  on  the  right  leg  was 
not  so  tight  as  to  occasion  the  slightest  discomfort,  and  the  increased 
flow  was  present  in  the  left  foot  as  well  as  in  the  right. 


TABLE  4 


Time 

Temperature  of 
Calorimeters 

Boom 
Tempera- 
ture 

Time 

Temperature  of 
Calorimeters 

Boom 
Tempera- 
ture 

Eight 

Left 

Eight 

Left 

n:26 

30.92 

30.78 

12:05 

32.46 

31.99 

24.15 

U:29 

31.00 

30.86 

25.2 

12:07* 

32.56 

82.08 

24.2 

XX.  ol 

31.07 

30.92 

*>K  9 

32.61 

32.14 

24.2 

.11:33 

31.17 

30.98 

25.2 

12:11 

32.68 

32.18 

11:35 

31.27 

31.07 

25.1 

12:13 

32.73 

32.23 

24.2 

11:37 

31.37 

31.16 

24.7 

12:15 

32.80 

32.28 

24.25 

11:39 

31.49 

n.26 

24.4 

12:17 

32.88 

32.34 

11:41 

31.59 

31.34 

12:19 

32.96 

82.40 

24".2 

11:45 

31.71 

31.43 

24.5 

12:21 

33.00 

32.455 

11:47 

31.76 

31.45 

24.4 

12:23 

33.07 

32.51 

24.2 

11:49 

31.81 

31.48 

24.3 

12:25 

33.09 

32.55 

11:51 

31.895 

31.55 

12:27 

33.13 

32.59 

24.1 

11:53 

31.96 

31.59 

24.1 

12:29 

33.17 

32.64 

24.1 

11:55 

32.04 

31.05 

24.0 

12:31 

33.19 

32.66 

11:57 

32.16 

31.755 

24.0 

12:33 

33.20 

82.68 

24.0 

11:59 

32.22 

31.81 

24.0 

12:35 

33.20 

32.68 

12:01 

32.28 

31.85 

24.05 

12:37 

33.12 

32.615 

12:03 

32.37 

SI. 91 

24.1 

12:49 

32.81 

82.31 

*  The  right  leg  was  comfortable,  the  left  somewhat  tired  and  uncomfortable. 

In  the  experiment  shown  in  Table  3  the  procedure  was  the  same  as 
in  the  last  experiment,  except  that  the  puttee  on  the  left  leg  (put  on 
quite  slack)  was  removed  some  time  before  the  other,  in  order  to 
see  whether  the  increased  loss  of  heat  from  the  left  leg  caused  any 
effect  on  the  flow  in  the  right  foot.  There  was,  as  a  matter  of  fact 
a  slight  diminution  in  the  flow  in  the  left  foot,  which  might  be  attrib- 
uted to  vasoconstriction  due  to  increased  cooling.  If  this  was  the  cause, 
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the  action  extended  reflexly  to  the  right  Hmb,  the  puttee  on  which  had 
not  been  disturbed,  as  the  ratio  of  the  flows  in  the  two  feet  remained 
unchanged.  There  was  no  indication  that  the  pressure  of  the  puttee 
on  the  right  leg  diminished  the  flow  in  the  right  foot. 

October  29.  M.  C,  one  hour  after  lunch,  put  his  feet  in  the  bath  at  2:20, 
in  the  calorimeters  at  2:37  p.  m.    The  pulse  was  88.    At  2:56  a  puttee  was 

TABLE  5 


Temperature  (0.)  of 

"Volume  of 
Foot 
In  O.C. 

Heat  Given  Off 

]PulS6 

Bate 

ROOEQ 

Arterial 
Blood 

Calorimeters 

Calories 

Right 

Left 

Bight 

Left 

Right 

Left 

No.  Mil 

10/22 

90 

24.3 

36.29 

31.37 

31.35 

1,171 

1,128 

2,115 

1,792 

18 

24.1 

31.83 

31.67 

5,170 

4,551 

40 

24.1 

32.36 

32.09 

2,680 

2,530 

19 

10/26 

94 

24.2 

36.45 

31.61 

31.60 

1,180 

1,128 

3,695 

3,549 

10 

24.05 

32.52 

32.46 

2,855 

2,825 

10 

24.05 

32.99 

32.94 

2,253 

2,248 

10 

94  1 

33.56 

33.49 

3,478 

3,423 

14 

10/29 

88 

24.1 

36.36 

31.92 

31.86 

1,190 

1,133 

3,158 

2,913 

10 

24.25 

32.87 

32.78 

4,720 

4,520 

17 

24.2 

33.56 

33.43 

2,051 

2,027 

10 

24.2 

34.04 

33.92 

3,557 

3,516 

18 

11/9 

1.1/  £' 

ov 

24.8 

36.34 

31.38 

31.16 

1,171 

1,142 

2,133 

1,905 

8 

24.3 

31.88 

31.54 

2,007 

1,600 

10 

24.1 

32.36 

31.92 

3,743 

3,290 

16 

24.2 

32.90 

\  32.37 

2,155 

1,923 

10 

24.1 

33.14 

32.60 

1,610 

1,725 

12 

11/30 

100 

20.5 

36.41 

31.19 

31.05 

1,171 

1,142 

6,183 

4,602 

20 

20.6 

31.49 

31.23 

3,073 

2,394 

10 

20.9 

32.19 

31.74 

2,759 

2,459 

10 

21.1 

32.60 

32.10 

1,797 

1,675 

6 

21.2 

38.13 

32.57 

3,952 

3,703 

18 

21.0 

33.53 

32.92 

1,121 

1,064 

8 

put  firmly  on  the  right  leg  and  one  slackly  on  the  left  leg.  At  3:  17  the  puttee 
was  rapidly  taken  off  the  left  leg;  at  3:29  off  the  right  leg.  The  feet  were 
taken  out  of  the  calorimeters  at  3:49.  „  ,^  ^    a-,  i 

The  cooling  of  the  calorimeters  in  fourteen  minutes  was  0.36  C.    llie  volume 
of  the  right  foot  was  1,190  c.c,  of  the  left  1,133  c.c.    The  water  eqtuvalent  o 
L  calorfmeters.with  their  contents  was,  right  3,630  c,  left  3,588  c.c.   The  rectal 
temperature  was  36.96  C. 
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Indeed,  with  both  puttees  on,  the  flow  was  slightly  and  equally 
increased  in  both  feet,  probably  on  account  of  the  heating  effect. 

In  the  next  experiment  to  be  quoted  (Table  4)  the  puttee  was 
purposely  put  on  the  left  leg  so  tightly  as  to  produce  a  certain  amount 
of  discomfort,  while  it  was  applied  to  the  right  leg  with  the  ordinary, 
comfortable  degree  of  pressure.    The  subject  was  hungry  (four  and 

TABLE  5— (Continued) 


Blood  Plow 
In  Gm. 
per  MiD. 

Plow  per  100  Co. 
of  Foot 
per  Min. 

Ratio  of 

now 
in  2  Feet 

Remarks 

igbt 

Left 

Bight 

Left 

22.39 

2.26 

1.98 

1:1.14 

Before  puttee  was  put  on 

2.20 

I7.37 

2.75 

2.42 

1:1.14 

Puttee  on  right  leg 

).88 

35.23 

3.40 

8.12 

1:1.09 

Puttee  oft 

ft!  91 

7  Ifl 
1  (iO 

7  OA 

1:1.00 

Before  puttees  put  on;  after  eating 

>.72 

78.67 

6.84 

6.97 

1:1.02 

Put.  R.  firm,  L.  slaci  (first  10  minutes) 

.35 

71.16 

6.13 

6.30 

l:l.03 

Put.  B.  firm,  L.  slack  (next  10  minutes) 

.51 

91.78 

8.09 

8.13 

1:1.00 

Puttees  off 

.03 

71.92 

6.64 

6.34 

1:1.05 

Before  puttees  put  on;  after  eating 

.39 

82.52 

7.42 

7.28 

1:1.02 

Put.  B.  firm,  L.  slack 

.39 

76.87 

6.83 

6.78 

1:1.01 

Puttee  off  L.  leg 

.64 

88.94 

7.95 

7.85 

1:1.01 

Puttees  off  both  legs  , 

.73 

51.08 

5.10 

4.47 

1:1.14 

Before  puttees;  after  eating 

00 

37.03 

4.27 

3.24 

1:1.31 

Put.  B.  firm,  L.  too  tight  (first  10  minutes) 

81 

51.69 

6.57 

4.52 

1:1.23 

Put.  B.  firm,  L.  too  tight  (next  16  minutes) 

60 

63.82 

6.94 

4.71 

1:1.26 

Pirst  10  minutes  after  puttees  removed 

58 

42.70 

3.97 

3.73 

1:1  06 

Next  12  minutes  after  puttees  removed 

80 

47.69 

5.62 

4.17 

1:1.34 

Before  puttees  put  on 

39  1 

51.35 

5.92 

4.49 

1:1.31 

Last  10  minutes  befere  puttees 

64 

58.51 

6.20 

5.12 

1:1.21 

Pirst  10  minutes  with  puttees 

34 

71.97 

7.46 

6.30 

1:1.18 

Next  6  minutes  with  puttees 

37 

59.52 

6.85 

5.21 

1:1.21 

After  tightening  tajjes  on  R.  leg 

06 

42.34 

4.61 

8.70 

1:1.24 

After  puttees  off 

one-half  hours  after  breakfast)  and  the  flow  in  the  feet  was  less  than 
m  he  experiments  shown  in  Tables  2  and  3.  The  flow  in  the  two 
eet  was  5.10  gm.  and  4.47  gm..  respectively,  per  100  c.c.  per  minute 
or  an  e.ght  mmute  period  before  the  application  of  the  bandat^cs 
(rat,o  of  left  to  right  1  to  1.14).  For  a  period  of  twenty  six  mfnuf 
w,th  the  puttees  on  the  flow  was  5.13  gm.  and  4.04  gm.' r^^p" 
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(ratio  1  to  1.27).  The  cutting  down  of  the  flow  by  the  improperly 
applied  puttee  on  the  left  leg  is  evident,  although  the  bandage  was 
not  put  on  so  tight  as  to  cause  an  extreme  degree  of  discomfort. 

November  2.  M.  C,  four  hours  after  breakfast,  put  his  feet  in  the  bath  at 
11:07,  in  the  calorimeters  at  11 : 27 :  30  a.  m.  At  11:41  putees  were  put  firmly 
on  both  legs,  but  the  left  was  much  tighter  and  less  comfortable  than  the 
right.  At  12:11  the  puttees  were  rapidly  taken  off.  The  feet  were  taken  out 
of  the  calorimeters  at  12:35. 

The  cooling  of  the  calorimeters  in  twelve  minutes  was,  right  0.31  C,  left 
0.305  C.  The  volume  of  the  right  foot  was  1,171  c.c,  of  the  left  1,142  c.c. 
The  water  equivalent  of  the  calorimeters  with  their  contents  was,  right  3,616  c.c, 
left  3,595  c.c.    The  pulse  was  80.   Rectal  temperature  was  36.96  C. 

If  the  period  is  analyzed,  the  deficit  in  the  left  foot  is  seen  to  be 
greatest  in  the  first  ten  minutes  (flow  in  right  foot  4.27  gm.  per  100 
c.c.  per  minute,  in  left  3.24  gm.,  giving  a  ratio  of  1  to  1.31).  The 
flow  in  the  right  foot  is  also  diminished  somewhat.  In  the  remaining 
sixteen  minutes  of  the  period  of  application  of  the  puttees  the  flow 
increases  in  both  feet,  but  relatively  more  in  the  left,  as  the  venous 
pressure  rises  and  forces  the  block  (5.57  gm.  for  right  and  4.52  gm. 
for  left  foot,  ratio  1  to  1.23).  Even  with  the  tight  bandage  on  the 
left  leg,  the  initial  flow  in  the  left  foot  is  soon  reestablished.  This, 
however,  is  in  a  healthy  man,  whose  cutaneous  flow  is  uniformly  good. 
It  seems  clear  enough  that  in  men  who  habitually  suffer  from  cold 
feet,  and  whose  foot  flow  is  therefore  normally  small,  the  injudicious 
application  of  a  puttee  might  easily  cause  a  harmful  reduction  in  the 
flow  which  would  render  the  foot  more  readily  susceptible  to  the 
effects  of  cold  and  wet,  of  slight  injuries  and  of  the  passive  con- 
gestion associated  with  standing  for  long  periods  in  one  position.  On 
the  other  hand,  so  far  as  can  be  judged  from  experiments  of  such 
relatively  short  duration,  a  properly  adjusted  puttee  not  only  causes, 
under  normal  conditions,  no  permanent  diminution  in  the  foot  flow, 
but  may  even  somewhat  increase  the  flow,  probably  largely  because  of 
its  heat  conserving  property. 

In  another  experiment  (that  of  November  30)  different  methods 
of  fastening  the  puttees  were  investigated.  That  on  the  right  leg  was 
tied  by  tapes  an  inch  wide,  that  on  the  left  leg  was  fastened  smoothly 
by  a  safety  pin.  The  tapes  caused  a  somewhat  tighter  feeling,  accord- 
ing to  the  subject,  than  the  pin,  but  both  legs  felt  comfortable.  After 
the  first  sixteen  minutes  the  tapes  were  made  considerably  tighter  on 
the  right  leg,  but  not  uncomfortably  so.  As  will  be  seen  in  Table  5,  the 
tightening  of  the  tapes  did  not  produce  any  diminution  in  the  flow  in 
the  right  foot  as  compared  with  that  in  the  left,  although  the  flow  in 
both  was  now  diminishing,  and  diminished  still  more  after  removal  of 
the  puttees.  This  last  decrease  in  the  flow,  seen  also  in  the  experiment 
of  November  2,  may  be  due  to  a  vasoconstriction  associated  with 
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cooling  of  the  limbs  after  removal  of  the  bandages.  However,  a  ter- 
minal vasoconstriction  due  to  the  exposure  is  not  uncommonly  seen 
in  long  experiments  on  the  foot  flow  when  no  bandages  have  been 
applied. 

SUMMARY 

It  is  shown  that  a  puttee  applied  with  the  usual  degree  of  pressure 
on  the  leg  causes  no  diminution  in  the  blood  flow  through  the  foot. 
When  it  is  put  on  so  tight  that  some  discomfort  is  produced  the  flow 
in  the  foot  is  at  first  reduced. 
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The  observations  of  a  number  of  investigators  have  indicated 
that  during  electrical  stimulation  of  the  splanchnic  nerves,  epi- 
nephrin  passes  into  the  circulation  by  the  adrenal  veins.  These 
observations  may  be  divided  into  two  groups:  (1)  Those  in  which 
blood  has  been  collected  from  the  adrenal  veins  of  one  animal, 
and  tested  for  epinephrin  by  its  action  on  the  blood  pressure 
when  injected  into  the  veins  of  another  animal  (Dreyer  (1), 
Tscheboksaroff  (2),  or  by  its  action  on  such  isolated  tissues  as 
intestine  or  uterus  segments  (Stewart  (3)  ).  (2)  Observations 
in  which  the  liberation  of  epinephrin  has  been  deduced  from 
changes  in  the  blood  pressure  or  other  reactions  in  one  and  the 
same  animal.  Thus  Joseph  and  Meltzer  (4) ,  found  that  when  one 
superior  cervical  ganglion  was  removed  from  rabbits,  and  several 
days  later  the  peripheral  end  of  the  splanchnic  nerve  stimulated 
electrically,  there  resulted  in  the  great  majority  of  cases  a  vari- 
able but  unmistakable  dilatation  of  the  pupil  on  the  ganglion- 
free  side,  while  the  pupil  on  the  normal  side  remained  practically 
unchanged.  They  interpreted  this  as  due  to  the  secretion  of  the 
adrenals  being  thrown  into  the  circulation  in  sufficient  amount 
to  produce  a  dilatation  of  the  pupil  on  the  ganglion-free  side, 
since  it  is  well  known  that  the  pupil  on  that  side  is  much  more 
sensitive  than  normal,  to  the  action  of  adrenalin.  (Meltzer 
and  Auer  (5)  ).    While  by  the  first  group  of  methods,  results 
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to  clamp  the  inferior  vena  cava.  In  a  few  observations  both 
cava  and  aorta  were  clamped.  Another  simple  method  is  to 
stop  the  heart  by  stimulating  the  vagus.  The  eye  reaction  is 
never  obtained  under  these  conditions,  that  is  to  say  the  pupil 
of  the  denervated  eye  does  not  dilate  in  the  absence  of  dilatation 
of  the  pupil  of  the  normal  eye,  nor  is  the  nictitating  membrane 
retracted. 

EXPERIMENTS  IN  WHICH  THE  VENOUS  PATH  FROM  THE  ADRENALS 

WAS  OCCLUDED 

A  certain  amount  of  dilatation  may  take  place  simultaneously 
in  both  pupils  during  occlusion  of  the  inferior  vena  cava,  but 
this  is  clearly  associated  with  the  accompanying  asphyxia,  and 
is  easily  distinguished  from  the  genuine  reaction  which  involves 
only  the  denervated  eye.  When  the  clamp  is  removed  from  the 
adrenal  vein  or  the  cava,  the  reaction  is  obtained  in  the  dener- 
vated eye  and  after  precisely  the  same  time  interval,  allowing 
for  the  sUght  variations  in  successive  observations,  as  is  seen 
when  the  splanchnics  are  stimulated  without  occlusion  of  the 
vessels.  It  is  impossible  to  interpret  this  result  in  any  other 
way  than  that  the  epinephrin  given  off  in  response  to  the  splanch- 
nic stimulation  is  lying  in  the  adrenal  capillaries  or  veins  ready 
to  move  out  into  the  circulation  at  the  moment  of  removal  of  the 
clamp. 

Thus  in  an  experiment  on  a  cat,  the  condensed  protocol  of  which  is 
given  in  table  6  stimulation  of  the  right  splanchnic  in  the  thorax  was 
followed  by  dilatation  of  the  left  (denervated)  pupil  in  9  seconds,  and 
withdrawal  of  the  nictitating  membrane,  The  inferior  cava  was  then 
i  clamped  above  the  diaphragm  and  kept  clamped  while  the  splanchnic 

was  again  stimulated.  No  change  occurred  in  the  left  eye  till  9  sec- 
onds after  removal  of  the  clamp,  when  dilatation  of  the  pupil  began, 
followed  by  retraction  of  the  nictitating.  The  cava  wao  again  clamped 
and  the  splanchnic  stimulated.  Dilatation  of  the  pupil  occurred  10 
seconds  after  removal  of  the  clamp.  Another  stimulation  of  the 
splanchnic  (with  the  cava  free)  gave  dilatation  of  the  pupil  in  8 
seconds  from  the  beginning  of  stimulation.  As  the  cava  had  been 
twice  clamped  for  30  seconds  within  an  interval  of  4  minutes,  it  is  pes- 
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sible  that  interference  with  the  circulation  in  the  iris,  owing  to  the  fall 
of  blood  pressure,  might  have  caused  the  slight  lengthening  in  the  time 
interval  (from  9  to  10  "seconds)  of  the  reaction  obtained  after  removal 
of  the  .clamp,  •  In  any  case,  absolute  uniformity  in  the  signalling  of  the 
moment  at  which  such  a  reaction  is  observed  to  begin  cannot  be  ex- 
pected, and  the  closeness  of  the  agreement  of  successive  readings  is 
really  remarkable.  Later  on  in  tliis  experiment,  although  numerous 
injections  of  methylene  blue  and  of  adrenalin  solution  had  been  made 
in  the  interval,  the  reaction  caused  by  stimulation  of  the  splanchnic 
was  still  obtained  10  seconds  after  removing  the  clamp  from  the  cava. 
At  the  very  end  of  the  experiment,  however,  when  the  animal  was  ob- 
viously in  bad  condition,  the  pupil  reaction  did  not  occur  till  19  sec- 
onds from  the  beginning  of  stimulation  of  the  splanchnic  (with  vena 
cava  free).  In  another  experiment  on  a  cat,  from  which  the  left 
superior  cervical  ganglion  had  been  removed  6  days  previously,  the 
time  interval  between  the  beginning  of  stimulation  of  the  splanchnic 
(in  the  thorax)  and  the  beginning  of  dilatation  of  the  pupil  (followed 
by  retraction  of  the  nictitating)  was  9  seconds.  Seven  successive  ob- 
servations gave  10,  8,  9,  9,  9,  9,  9.2  seconds.  The  cava  was  clamped, 
the  splanchnic  stimulated  and  the  clamp  removed  after  stimulation 
had  been  stopped.  The  eye-reaction  appeared  in  9  seconds  after  re- 
moval of  the  clamp.  Later  on  in  the  experiment,  the  time  interval 
between  beginning  of  stimulation  of  the  splanchnic  and  beginning  of 
the  eye-reaction  was  as  usual  notably  increased  (to  12,  15,  15,  19.1, 
20,  and  13.1  seconds  in  different  observations).  In  the  meantime,  re- 
peated injections  of  methylene  blue  and  adrenalin  solution  had  been 
made.  Atropin  solution  had  also  been  instilled  into  the  right  (normal) 
eye  to  enable  the  circulation  time  to  the  retina  to  be  determined. 

In  an  experiment  on  a  cat  (whose  left  superior  cervical  ganglion 
had  been  excised  7  days  previously)  towards  the  end  of  the  experiment 
the  time  interval  of  the  reaction  as  elicited  by  stimulation  of  the 
splanchnic  (in  the  thorax)  had  much  increased  (from  9.3' seconds  at  the 
beginning  of  the  experiment  to  15.8  seconds).  The  right  splanclinic 
was  stimulated  for  a  minute  during  occlusion  of  the  inferior  cava. 
There  were  deep  asphyxial  respirations  during  which  both  pupils  di- 
lated, but  contracted  again  before  removal  of  the  clamp.  On  removing 
the  clamp  after  an  occlusion  lasting  63  seconds,  the  left  pupil  dilated  in 
15.2  seconds.  Stimulation  of  the  right  splanchnic  with  the  cava  free 
was  followed  by  dilatation  of  the  left  pupil  in  15.8  seconds.  Move- 
ment of  the  nictitating  membrane  was  not  signalled  till  19,2  seconds 
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It  is  particularly  important  to  note  that  when  such  an  increase 
m  the  time  interval  of  the  eye  reaction  ehcited  by  stimulation  of 
the  splanchnic  with  the  vessels  open  has  occurred,  the  same  in- 
crease is  found  when  the  reaction  is  evoked  by  releasing  the  cava 
when  the  splanchnic  has  been  excited  during  its  occlusion.  The 
same  factors  must  therefore  be  responsible  in  both  cases  for  the 
greater  interval  after  which  the  reaction  is  obtained.  Of  these 
factors  slowing  of  the  circulation  can  sometimes  be  shown  to  be 
one.  Now  slowing  of  the  circulation  could  only  affect  the  time- 
interval  to  exactly  the  same  extent  in  the  two  cases  if  the  reac- 
tion were  caused  by  a  substance  moving  with  the  blood.  Other 
factors  in  the  increased  time-interval  may  be  increasing  sluggish- 
ness of  response  of  the  mechanisms  of  the  eye  and,  as  will  be  shown 
later  on,  diminished  liberation  of  epinephrin  by  stimulation  of  the 
splanchnics. 

EXPERIMENTS  IN  WHICH  THE  ARTERIAL  FLOW  TO  THE  ADRENALS 

WAS  INTERFERED  WITH 

Some  experiments  were  made  with  the  view  of  determining 
whether  the  reaction  could  be  obtained  when  the  splanchnics  were 
stimulated  with  the  aorta  clamped  just  above  the  diaphragm. 
Here,  the  circulation  through  the  eyeball  is  of  course  not  inter- 
fered with,  and  if  epinephrin  in  sufficient  quantity  is  liberated 
into  the  capillaries  of  the  adrenals,  and  a  sufficient  movement  of 
blood  in  the  veins  is  still  present  to  enable  it  to  arrive  at  the 
heart,  there  is  no  reason  why  the  usual  response  should  not  be 
elicited,  even  while  the  aorta  remains  occluded.  When  stimula- 
tion of  the  splanchnic  was  begun  simultaneously  with  the 
application  of  the  clamp  an  eye  response  was  always  observed, 
provided  that  the  splanchnic  stimulation  was  yielding  such  a 
response  with  the  circulation  free.  Accordingly,  a  brief  interfer- 
ence with  the  arterial  flow  through  the  glands  does  not  aboHsh 
the  secretion.  In  different  experiments,  however,  there  was  a 
certain  variability  in  the  time  at  which  the  eye  reactions  ap- 
peared. Usually  a  response  was  obtained  while  the  aorta  still 
remained  obstructed,  and  a  second  response  after  the  clamp 
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was  removed.  The  time  interval  between  the  beginning  of  stimu- 
lation and  the  first  response,  or  between  the  removal  of  the  clamp 
and  the  second  response,  is  of  the  same  order  of  magnitude  as  the 
time  interval  of  the  reaction  with  the  vessels  free.  In  other  ex- 
periments no  eye  reaction  was  seen  while  the  clamp  remained  on 
the  aorta,  but  a  response  occurred  (with  the  usual,  or  a  some- 
what longer  time  interval)  after  removal  of  the  clamp. 

Thus,  in  an  experiment  on  a  cat,  whose  left  superior  cervical  gang- 
lion had  been  removed  1  week  previously,  stimulation  of  the  right 
splanchnic  in  the  thorax  was  followed  by  dilatation  of  the  pupil  (and 
withdrawal  of  the  nictitating  membrane)  of  the  left  eye  in  11.2  seconds. 
Five  minutes  later  the  aorta  was  clamped  and  the  splanchnic  stimu- 
lated for  the  same  length  of  time,  and  with  the  same  distance  between 
the  coils  as 'in  the  previous  observation.  There  was  no  effect  on  the  e3''e 
for  the  25  seconds  during  which  the  clamp  was  kept  on,  but  14  seconds 
after  its  removal  the  pupil  dilated,  and  a  little  later  the  nictitating 
membrane  moved  back. 

In  an  experiment  on  a  dog,  whose  left  superior  cervical  ganglion  had 
been  removed  6  days  previously,  the  left  splanchnic  (in  the  thorax)  was 
stimulated  until  the  pupil  of  the  left  (denervated)  eye  began  to  dilate 
in  10.2  seconds  from  the  beginning  of  stimulation.  Two  minutes  later 
the  left  splanchnic  was  again  stimulated,  and  dilatation  of  the  pupil 
was  obtained  in  10.4  seconds.  The  aorta  was  then  clamped  and  the 
splanchnic  stimulated  for  15  seconds  with  the  same  distance  between 
the  coils.  Dilatation  of  the  pupil  occurred  at  14.2  seconds  from  the 
beginning  of  stimulation,  while  the  clamp  was  still  on.  The  clamp  was 
removed  after  an  occlusion  of  25  seconds,  but  no  further  change  was 
observed  in  the  eye.  In  another  observation  in  the  same  animal,  a 
few  minutes  later,  the  aorta  was  clamped  and  the  splanchnic  stimulated 
for  15  seconds.  Dilatation  of  the  pupil  took  place  14.6  seconds  from 
the  beginning  of  stimulation,  while  the  clamp  was  still  on.  On  remov- 
ing the  clamp,  a  second  dilatation  occurred  in  9.8  seconds.  The  first 
dilatation  was  slight  and  remained  so  till  the  second  carried  the  response 
on  to  moderate  dilatation. 

In  an  experiment'  on  a  cat,  to  which  morphin  had  been  administered, 
and  whose  pupils  remained  dilated,  stimulation  of  both  splanchnics  (in 
the  thorax)  for  2  seconds  caused  retraction  of  the  nictitating  membrane 

'  The  condensed  protocol  is  given  in  table  8. 
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and  widening  of  the  aperture  of  the  denervated  eye  in  13  seconds.  Two 
minutes  later  the  observation  was  repeated,  with  the  aorta  clamped, 
and  the  eye-reactions  appeared  in  14.8  seconds,  while  the  clamp  was 
still  on.  After  an  interval  of  2  minutes,  stimulation  of  the  splanchnics 
was  again  made  for  5  seconds,  and  the  eye  response  was  elicited  in  11.2 
seconds,  with  the  aorta  open.  The  observation  was  repeated,  the 
splanchnics  being  stimulated  for  the  same  length  of  time,  with  the  aorta 
clamped,  and  the  response  occurred  in  11.8  seconds,  the  clamp  being 
still  on  the  aorta.  An  observation  was  then  made  in  which  the  aorta 
was  clamped  for  5  seconds  before  stimulation  of  the  nerves  was  begun. 
It  remained  clamped  until  the  eye  response  was  obtained  11.8  seconds 
from  the  beginning  of  stimulation.  On  releasing  the  aorta,  further  re- 
traction of  the  nictitating  membrane  occurred  in  15.4  seconds  from  the 
moment  of  removal  of  the  clamp.  Forty-eight  minutes  later,  stimulation 
of  the  splanchnics  for  10  seconds  caused  a  slow  retraction  of  the  nicti- 
tating in  15  seconds,  with  the  aorta  free,  and  in  15.4  seconds  with  the 
aorta  clamped. 

The  explanation  of  the  variability  in  the  results  of  stimulation 
of  the  splanchnics  with  the  aorta  clamped  is,  we  suggest,  as  fol- 
lows: When  the  arterial  flow  is  stopped  for  such  periods  as  we 
have  employed,  epinephrin  is  still  liberated  into  the  blood  vessels 
of  the  adrenals  in  response  to  stimulation  of  the  nerves.  Blood, 
doubtless  containing  some  of  the  epinephrin,  since  the  latent 
period  of  the  secretion  is  quite  short,  continues  to  move  out  of  the 
adrenal  veins  and  along  the  cava  after  the  clamping  of  the 
aorta,  so  long  as  the  pressure  remains  higher  in  the  arteries  periph- 
eral to  the  clamp  than  in  the  veins.  As  soon  as  this  blood  has 
reached  the  heart,  there  is,  of  course,  no  reason  why.  it  should  not 
be  carried  as  rapidly  as  before  to  the  eyeball,  and  no  reason  why 
it  should  not  produce  there  the  characteristic  reactions,  pro- 
vided that  the  quantity  of  epinephrin  in  it  is  sufficient.  ^Vhen 
the  clamp  is  removed  from  the  aorta,  a  residue  of  blood  con- 
taining the  balance  of  the  liberated  epinephrin  is  still  lying  in 
the  adrenal  vessels,  and  begins  in  its  turn  to  move  towards  the 
heart.  It  is  clear  that  it  will  depend  upon  the  amount  of  epi- 
nephrin in  these  two  fractions  whether  a  detectable  reaction  shall 
be  produced  in  the  eye  while  the  clamp  is  still  on  the  aorta,  or 
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only  after  its  removal,  or  both  after  and  before  removal  of  the 
clamp. 

The  fact  that  as  a  rule  the  time  interval  of  the  reaction  is  some- 
what longer  when  stimulation  of  the  nerves  is  made  with  the  aorta 
clamped  than  when  it  is  made  with  the  vessels  free  in  all  prob- 
ability depends  in  part  on  this  division  of  the  epinephrin  charge 
liberated  by  a  given  stimulation  into  two  parts.  For  it  can  be 
shown  that  doses  of  adrenalin  which  cause,  on  injection,  into  a 
vein,  only  a  minimum  eye  response,  ehcit  this  response  after  a 
somewhat  greater  interval  of  thne  than  larger  doses.  Further, 
the  passage  of  blood  from  the  adrenals  to  the  heart  in  the  first 
few  seconds  after  clamping  the  g,orta  must  be  slower  than  with 
the  vessels  free,  although  observations  on  the  injection  under 
minimum  pressure  of  very  small  volumes  of  adrenalin  solution 
into  the  central  end  of  the  femoral  vein,  with  the  aorta  clamped, 
indicate  that  this  slowing  is  not  important  in  comparison  with 
the  total  time  interval  of  the  reaction.  Some  retardation  of  the 
response  after  unclamping  the  aorta  might  be  expected  to  be 
caused  by  the  fact  that  the  depleted  vessels  have  first  to  be 
filled  up  by  the  arterial  blood. 

The  maximum  effect  on  the  eye  and  the  duration  of  the  eiBfect 
were  in  general  less  where  the  splanchnics  were  stimulated  with  the 
aorta  clamped,  than  in  control  observations  with  the  vessels  free. 
The  division  of  the  liberated  epinephrin  into  two  fractions,  as  sug- 
gested, is  a  sufficient  explanation,  even  if  the  total  amount  liberated 
during  a  brief  interference  with  the  arterial  circulation  remains 
undiminished.  It  is  further  in  accordance  with  this  explanation, 
that  the  time  interval  of  the 'eye  response  when  the  splanchnics 
are  stimulated  with  the  inferior  vena  cava  clamped,  and  the 
clamp  then  removed,  agrees  rather  with  the  time  interval  of  the 
response  elicited  with  the  vessels  free  than  with  the  aorta  clamped. 
This  is  also  true  of  the  maximum  response  reached  for  a  given 
stimulation.  Where  the  vena  cava  is  clamped  the  epinephrin  lib- 
erated by  the  stimulation  of  the  nerves  accumulates,  of  course, 
behind  the  clamp,  and  passes  on  as  a  single  charge  after  removal 
of  the  clamp. 
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A  period  of  5  to  10  seconds  of  anemia  (caused  by  clamping  the 
aorta)  preceding  stimulation  of  the  splanchnics,  had  no  notice- 
able effect  in  diminishing  the  reaction.  When  the  preliminary 
period  of  anemia  was  increased  to  20  seconds,  in  the  same  ani- 
mal (see  table  8),  stimulation  of  the  nerves  was  without  result 
in  one  observation,  but  in  another  observation  an  eye  response 
was  obtained  when  the  splanchnics  were  excited  after  a  prelimi- 
nary anemia  of  20  seconds.  We  have  not  hitherto  made  any  ex- 
periments with  the  view  of  determining  the  precise  period  of 
anemia  which  will  prevent  a  reaction.  It  is  to  be  expected,  of 
course,  that  it  will  vary  to  some  extent  in  different  animals,  and 
at  different  times  in  an  experiment  on  the  same  animal. 

That  epinephrin  is  actually  carried  in  the  blood  of  the  inferior 
cava  to  the  heart,  while  the  aorta  remains  occluded,  can  be  shown 
by  injecting  adrenalin  solution  into  the  central  end  of  the  fe- 
moral vein  under  the  minimum  pressure  necessary  to  permit  it  to 
enter  the  vein,  and  in  such  small  volume  that  it  cannot  possibly 
be  mechanically  forced  along  to  the  heart  during  the  injection. 
The  eye  reactions  are  obtained  after  a  time  interval  of  the  same 
order  of  magnitude,  whether  given  quantities  of  adrenalin  solu- 
tion are  injected  with  the  aorta  free  or  clamped.  The  interval 
may,  indeed,  be  shorter  with  the  aorta  clamped.  This  is  pre- 
cisely the  case  when  a  given  dose  of  adrenalin  is  injected  in  the 
form  of  a  smaller  volume  of  stronger  solution  than  in  the  form 
of  a  larger  volume  of  weaker  solution,  as  is  well  illustrated  in  the 
first  part  of  the  protocol  reproduced  in  table  8. 

Thus,  0.02  mg.  adrenalin  injected  (between  3.15  and  3.42  p.m.),  in 
the  form  of  2  cc.  of  a  1:  100,000  solution,  caused  an  eye-reaction  at  very 
much  the  same  time  interval  as  0.02  mg.  injected  in  the  form  of  0.5  cc. 
of  1:  25,000  adrenalin,  with  the  aorta  free  (average  time  for  the  weaker 
solution  9.2  seconds;  for  the  stronger  8.4  seconds).  With  the  aorta 
clamped,  the  same  quantity  of  the  weaker  solution  gave  a  time  of  10.8 
seconds,  and  the  stronger  an  average  time  of  7.8  seconds,  mile  there 
are,  of  course,  variable  factors  in  such  observations,  which  cannot  all 
be  controlled,  the  difference  is  suggestive.  Later  on  in  the  experiment, 
when  the  time  interval  of  the  reaction  elicited  by  stimulation  of  the 
splanchnic  (with  cava  clamped)  had  considerably  increased  (to  16.6 
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seconds  at  6.00  p.m.),  the  difference  was  even  more  striking.  0.1  cc. 
of  a  1:  25,000  solution  of  adrenalin  injected  with  the  aorta  free,  gave  the 
response  after  an  interval  of  16.6  seconds  (at  6.01  p.m.),  the  retraction 
of  the  nictitating  membrane  being  very  slow,  but  steadily  progressing. 
Later  on  0.2  cc.  of  the  same  solution  gave  a  good  response  after  an  in- 
terval of  16.8  seconds  (at  6.36  p.m.),  while  0.2  cc.  of  the  solution,  in- 
jected with  the  aorta  clamped,  gave  an  interval  of  11.6  seconds,  and 
0.1  cc.  an  interval  of  9.8  seconds.  The  injection  of  0.04  cc.  of  1 :  25,000 
adrenalin  (with  the  vessels  open),  was  followed  by  very  slow  retraction 
of  the  nictitating  in  17  seconds. 

These  results  are  puzzling  at  first  sight,  but  in  all  probability 
they  depend  upon  two  factors.  First,  the  clamping  of  the  aorta 
incre>ases  the  blood  pressure,  and  diminishes  the  circulation 
time  in  the  head  end  of  the  animal.  This  will  be  especially  in- 
fluential in  diminishing  the  interval  at  which  the  eye  response  to 
adrenalin  injection  occurs  when  the  circulation  has  already  de- 
teriorated, as  towards  the  end  of  a  long  experime<nt.  Among 
other  things,  the  action  of  the  heart  will  be  improved  by  the 
better  filling  of  the  coronary  vessels,  and  the  latency  of  the 
structures  in  the  eye-ball  may  also  be  diminished  by  the  improved 
circulation.  Provided,  then,  that  the  adrenalin  reaches  the 
heart  without  undue  delay,  we  should  expect  the  response  to 
occur  sooner  with  the  aorta  clamped.  But  why  should  injec- 
tion of  a  larger  volume  of  weaker  solution  (with  aorta  clamped) 
not  evoke  the  response  in  the  same  time,  as  the  injection  of  a 
correspondingly  smaller  volume  of  the  stronger  solution?  If  the 
volume  of  the  weaker  solution  were  so  great  that  practically  the 
whole  of  it  passed  directly  under  the  injection  pressure  into  the 
heart,  there  could,  of  course,  be  no  such  delay  as  was  observed. 
But  the  residual  movement  in  the  inferior  cava  after  the  aorta 
has  been  clamped  may  not  be  adequate  to  rapidly  transport  such 
a  volume  as  ^  cc,  while  the  whole  or  the  greater  part  of  such  a 
volume  of  adrenalin  solution  as  0.1  to  0.5  cc.  may  be  quickly 
transported  to  the  heart.  The  eye  reaction  elicited  when  the 
greater  volume  was  injected  would  be  a  reaction  corresponding 
to  a  smaller  concentration  and  to  a  smaller  total  qauntity,  than 
when  a  smaller  volume  of  the  stronger  solution  was  injected. 
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EXPERIMENTS  IN  WHICH  THE  SPLANCHNICS  WERE  STIMULATED, 
WHILE  THE  CIRCULATION  WAS  STOPPED  OR  SLOWED  BY 
INHIBITION  OF  THE  HEART 

Further  evidence  that  the  eye  reaction  is  entirely  due  to  a 
substance  (epinephrin)  moving  in  the  blood  from  the  adrenals  is 
obtained  by  stopping  the  circulation  by  stimulation  of  the  vagus. 

In  an  experiment  on  a  dog,  the  eye  reaction  was  got  in  10.2  seconds 
from  the  beginning  of  stimulation  of  the  left  splanchnic  in  the  thorax. 
In  another  observation  immediately  thereafter,  the  time  was  10.4  sec- 
onds. The  peripheral  end  of  the  left  vagus  was  now  stimulated  so  as 
to  cause  complete  disappearance  of  the  pulse  in  the  aorta.  Three  sec- 
onds later  the  left  splanchnic  was  stimulated.  Excitation  of  the  vagus 
was  continued  for  15  seconds.  The  (denervated)  eye  reaction  did  not 
appear  till  20  seconds  from  the  beginning  of  stimulation  of  the  splanch- 
nic, or  8  seconds  after  stoppage  of  the  vagus  stimulation.  Four  minutes 
later  the  splanchnic  was  again  stimulated,  simultaneously  with  the 
vagus,  the  stimulation  of  the  latter  continuing  for  35  seconds.  No  eye- 
reaction  appeared  during  all  this  time.  Three  minutes  thereafter 
stimulation  of  the  splanchnic  alone  gave  an  eye  reaction  in  8.2  seconds. 
The  vagus  was  again  stimulated  for  33  seconds  so  as  to  stop  the  pulse  in 
the  aorta.  The  splanchnic  was  stimulated  for  15  seconds  with  a 
stronger  current  than  in  the  previous  observations.  Eye  reactions 
were  obtained  42  seconds  after  the  begirming  of  the  stimulation  of  the 
splanchnic,  or  11  seconds  after  cessation  of  vagus  stimulation.  Stimu- 
lation of  the  splanchnic  alone  now  gave  an  eye  reaction  in  8.4  seconds. 

Fully  as  convincing  as  the  experiments  in  which  complete 
stoppage  of  the  circulation  was  produced,  are  those  in  which  it 
was  simply  slowed  by  the  vagus  or  by  hemorrhage. 

In  an  experiment  on  a  cat  (whose  left  superior  cervical  gangUon 
had  been  removed  a  week  before),  stimulation  of  the  right  splanchnic 
in  the  thorax  was  followed  by  the  eye  reaction  in  10  seconds  from  the 
beginning  of  stimulation.  Stimulation  of  the  peripheral  end  of  the 
right  vagus  and  of  the  splanchnic  was  then  made  simuhaneously.  The 
heart  was  slowed  but  not  stopped.  The  eye-reaction  appeared  in  15.2 
seconds.  The  splanchnic  was  again  stimulated  alone,  and  the  eye- 
reaction  occurred  in  10.2  seconds.  Another  observation  was  there- 
after made  with  simultaneous  stimulation  of  the  vagus  and  splanchnic. 
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The  eye  reactions  (pupil  dilatation  and  retraction  of  nictitating)  ap- 
peared in  15.2  seconds.  When  the  splanchnic  only  was  now  stimu- 
lated, the  reaction  occurred  in  11.2  seconds.  Another  vagus  and 
splanchnic  observation  in  which  stimulation  of  the  vagus  was  begun  in 
advance  of  the  splanchnic  stimulation,  so  as  to  be  sure  that  the  slow- 
ing of  the  circulation  embraced  the  whole  time  of  passage  of  the  epi- 
nephrin  to  the  eyeball,  gave  the  eye  reactions  after  an  interval  of  15 
seconds  from  the  beginning  of  excitation  of  the  splanchnic. 

Later  on  in  the  same  experiment  the  eye  reaction  was  obtained  15.8 
seconds  after  the  commencement  of  stimulation  of  the  splanchnic. 
Hemorrhage  was  now  produced  from  the  femoral  aHery,  and  the 
splanchnic  stimulated  immediately  thereafter.  The  eye  reaction  did 
not  occur  till  21.6  seconds  from  the  beginning  of  stimulation. 

COMPARISON  OF  EYE  REACTION  ELICITED  BY  INJECTION  OF  ADRE- 
NALIN   AND    BY    STIMULATION    OF    THE  SPLANCHNICS. 
LATENT  PERIOD  OF  EPINEPHRIN  SECRETION 

Another  method  of  showing  that  the  eye  reactions  studied  are 
caused  by  epinephrin  liberated  from  the  adrenals,  is  to  inject  a 
small  amount  of  adrenalin  into  the  left  renal  vein,  or,  what 
comes  almost  to  the  same  thing  for  this  purpose,  into  the  central 
end  of  a  femoral  vein ;  and  to  determine  the  time  from  the  begin- 
ning of  injection  to  the  beginning  of  the  eye  reaction.  The  fe- 
moral vein  has  the  advantage  over  the  renal  that  its  use  does  not 
entail  opening  of  the  abdomen,  or  manipulation  in  the  neighbor- 
hood of  the  adrenals.  The  circulation  time  from  the  mouth 
of  the  femoral  vein,  up  to  which  the  column  of  adrenalin  solution 
extends  before  injection,  will  of  course  be  somewhat  greater 
than  that  from  the  adrenal  veins.  But  for  our  purpose  the  dif- 
ference is  not  important,  as  shown  by  circulation  time  meas- 
urements. 

In  an  experiment,  on  a  cat,  the  following  results  were  obtained: 
Stimulation  of  the  left  splanchnic  in  the  thorax  gave  in  three  successive 
observations,  9.4,  11.2  and  10.8  seconds  as  the  time  interval  of  the  eye 
reaction.  Stimulation  of  the  right  splanchnic  gave  11.8  seconds,  of 
both  splanchnics  together  in  two  observations,  10.6  and  10  seconds,' re- 
spectively. Injection  of  1  cc.  of  1 :  25,000  adrenalin  solution  in  Ringer's, 
into  the  central  end  of  the  femoral  vein  was  followed  by  dilatation  of  the 
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pupil  in  10.6  seconds.  The  same  amount  of  adrenalin  was  now  in- 
jected while  the  vena  cava  was  clamped.  The  pupil  was  unaffected 
till  11.2  seconds  after  removal  of  the  clamp,  when  it  dilated.  Both 
splanchnics  were  now  stimulated,  and  the  eye  reaction  was  obtained  in 
11.4  seconds.  Injection  of  0.5  cc.  of  1:  25,000  adrenalin  into  the  fe- 
moral vein  was  followed  by  dilatation  of  the  pupil  in  11.2  seconds. 

The  quantities  of  adrenalin  injected  in  this  experiment  were 
such  as  caused  about  the  same  reaction  in  the  eye  as  the  stimu- 
.  lation  employed  for  the  splanchnics.  It  is  clear  enough  that 
with  such  quantities,  the  interval  between  the  beginning  of  in- 
jection and  the  beginning  of  the  eye  reaction  is  approximately 
the  same  whether  the  reaction  is  elicited  by  adrenahn  artificially 
introduced,  or  by  epinephrin  liberated  from  the  glands.  This 
indicates  that  the  epinephrin  liberated  by  splanchnic  stimu- 
lation passes  so  rapidly  into  the  veins  that  the  latent  period 
does  not  constitute  a  fraction  of  the  total  time  interval  to  the  com- 
mencement of  the  eye  reaction  long  enough  to  be  appreciated  in 
such  measurements.  So  far  as  these  observations  go,  the  indi- 
cation is  also  that  the  material  as  liberated  from  the  adrenals 
is,  as  regards  the  production  of  the  reaction  studied,  the  same  as 
adrenalin. 

On  the  other  hand,  if  the  quantity  of  adrenalin  injected  is  much 
greater  than  is  required  to  produce  an  effect  upon  the  eye  equal 
to  that  caused  by  splanchnic  stimulation,  the  time  interval  be- 
tween the  beginning  of  the  injection  and  the  beginning  of  the  eye 
reaction  is  reduced  decidedly  below  that  between  the  beginning 
of  stimulation  of  the  splanchnic  and  the  commencement  of  the 
eye  reaction,  although  it  always  remains,  of  course,  greater  than 
the  circulation  time  to  the  carotid. 

This  is  illustrated  in  the  following  experiment  on  a  cat:  2  cc.  of 
adrenalin  (1:  50,000)  in  methylene  blue  solution,  was  injected  into  the 
femoral  vein.  The  methylene  blue  first  reached  the  carotid  in  3  sec- 
onds, and  the  pupil  began  to  dilate  in  5.2  seconds.  In  another  obser- 
vation, 5  minutes  later,  the  numbers  came  out  3.2  seconds  for  the  cir- 
culation time  to  the  carotid,  and  5.6  seconds  for  the  pupil  reaction 
Before  the  first  adrenalin  injection,  the  time  interval  for  the  pupil 
reaction  elicited  by  stimulation  of  the  splanchnic  was  9  seconds 
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in  one  observation,  and  8  seconds  in  another.  In  an  observation 
made  5  minutes  after  the  second  injection  of  adrenalin,  the  time  in- 
terval of  the  eye  response  following  splanchnic  stimulation,  was  8.5 
seconds.  The  reduction  of  the  interval,  in  the  case  of  the  adrenalin 
injection,  could  not  be  due  to  a  change  in  the  circulation  time.  It 
must  be  attributed  to  a  reduction  in  the  latent  time  of  the  eye  mechan- 
isms. It  is  probable  that  the  time  required  for  the  blood  to  pass 
from  the  carotid  through  the  capillaries  of  the  iris  to  the  veins,  would 
be  not  much  less  than  2  seconds.  Accordingly  in  this  strength  (and 
with  an  iris  as  sensitive  as  in  this  animal  in  the  earlier  part  of  the  ex- 
periment) the  adrenalin  began  to  produce  its  effect,  upon  the  pupil 
very  soon  after  the  first  blood  containing  ifc  had  completely  traversed 
the  sensitive  structures.  Later  on  in  the  same  experiment,  the  time 
interval  both  for  splanchnic  stimulation  and  for  injection  of  adrenalin 
increased,  while  the  circulation  time  to  the  carotid  remained  the  same 
(3  seconds).  This  also  can  only  be  due  to  increasing  sluggishness  of 
the  iris,  with  perhaps  some  increasing  vasoconstriction  in  peripheral 
vessels  including  those  of  the  eyeball. 

Of  course,  by  forcibly  injecting  the  adrenalin  solution  under 
considerable  pressure,  it  is  possible  to  produce  a  definite  diminu- 
tion in  the  time  interval  of  the  eye  response,  since  under  these 
conditions,  the  passage  of  the  adrenalin  from  the  point  of  injec- 
tion to  the  heart  is  practically  instantaneous,  and  the  pressure 
in  the  right  heart  may  also  be  artifically  raised,  and  the  circula- 
tion time  through  the  lungs  correspondingly  shortened.  This 
is  well  illustrated  in  table  7,  in  the  observations  at  5.48  and  5.58 
p.m.,  and  in  those  between  7.12  and  7.18  p.m. 

In  another  experiment,  on  a  dog,  the  results  shown  in  table  1 
also  illustrate  the  fact  that  with  different  doses  of  adrenalin  dif- 
ferent time  intervals  may  be  obtained  for  the  (denervated) 
eye  reaction. 

In  this  dog  (weighing  5.5  kg.),  the  superior  cervical  ganglion 
had  been  removed  6  days  before  the  experiment.  The  eye-re- 
actions were  elicited  with  great  ease  by  stimulation  of  the 
splanchnics  and  by  massage  of  the  glands;  and  also  by  very' small 
doses  of  adrenalin.  Exactly  the  opposite  was  the  case  with  the 
cat  some  results  from  which  are  given  in  table  2.  Here  the  eye 
reactions  were  obtained  with  much  greater  difficulty  through 
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splanchnic  stimulation,  and  relatively  large  doses  of  adrenalin 
were  required  to  bring  them  out.  When  stimulation  of  the 
splanchnics  finally  became  ineffective,  massage  of  the  glands 
yielded  no  result,  or  only  a  doubtful  one.  The  epinephrin  con- 
tent of  the  glands,  removed  in  both  animals  after  a  long  experi- 
ment, was  in  this  dog  the  highest  which  we  have  hitherto  ob- 
served in  the  course  of  the  work,  while  in  the  cat  it  was  with  one 
exception  the  lowest.  The  cat  had  brought  forth  a  litter  of  kit- 
tens 13  days  before  the  experiment,  and  was  suckling  them,  and 
the  adrenals  were  enlarged.  It  is  not  known  whether  the  low 
epinephrin  content  was  correlated  with  the  parturition  and  lac- 
tation. The  left  adrenal  of  the  cat  weighed  0.317  gram,  and  con- 
tained 0.12  mg.  epinephrin.  The  right  adrenal  weighed  0.301 
gram,  and  also  contained  0.12  mg.  epinephrin. 


TABLE  1 


TIME 

INJECTED  INTO  FEMORAL  VEIN 

PUPIL  DILATATION 
BEGINS  IN 

seconds 

2.15 

1.0  CC. 

Adrenalin  (1 

50,000)  

10.8 

2.17 

0.5  CC. 

Adrenalin  (1 

50,000)  

11.4  (less  dilatation) 

2.22 

0.4  CC. 

Adrenalin  (1 

50,000)  

13.0  (small  effect) 

2.26 

2.0  CC. 

Adrenalin  (1 

250,000)  

12.4 

2.28 

1.0  CC. 

Adrenalin  (1 

250,000)  

11.2 

2.30 

0.5  CC. 

Adrenalin  (1 

250,000)  

16.6 

It  must  be  stated  tha^  our  estimations  were  almost  invariably 
made  on  the  adrenals  of  animals  on  which  more  or  less  pro- 
longed experiments  had  been  carried  out.  High  epinephrin  con- 
tents were  therefore  not  to  be  expected. 

The  increasing  time  interval  of  the  response  with  stimulation 
of  the  splanchnics,  in  the  latter  part  of  this  experiment  (table  2), 
has  the  same  significance  as  increase  of  the  time  interval  with 
small  doses  of  adrenalin.  For  the  pupil  dilatation  obtained, 
from  successive  stimulations  of  the  nerves,  became  less  and  less, 
and,  as  already  stated,  when  the  maximum  dilatation  and  the 
duration  of  a  reiaction  are  small,  the  time  of  onset  of  the  reaction  is 
delayed.  Another  point  well  brought  out  in  this  experiment  was 
that  doses  of  adrenalin,  which,  at  one  stage  are  ineffective,  may 
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TABLE  2 


Condensed  Protocol  of  experiment  on  a  cat,  weighing  2  kg.,  whose  left  superior 
cervical  ganglion  had  been  removed  15  days  before  the  experiment 


TIMB 

PUPIL  DILATATION 
BEGINS  IN 

seconds 

12.18 

Stimulated  both  splanchnics  for  10  seconds  

11.4 

12.31 

3  cc.  Adrenalin  (1:  25,000)  

0.8 

12.36 

1  cc.  Adrenalin  (1:  25,000)  

11.2 

12.43 

1  cc.  Adrenalin  (1:  100,000)  

17.8 

Dilatation 

very  slight 

12.45 

3  cc.  Adrenalin  (1:  100,000)  

11.8 

About  same 

dilatation  as 

with splanch- 

nic stimula- 

tion 

12.48 

1  cc.  Adrenalin  (1:  25,000)  

12.8 

12.50 

1  cc.  Adrenalin  (1:  25,000)  

12.2 

12.52 

2  cc.  Adrenalin  (1:  25,000)  

12.4 

Better  dilata- 

tion than 

with  1  cc. 

12.58 

2  cc.  Adrenalin  (1:  25,000)  (with  cava  clamped). 

No  dilatation 

Cava  released  

13.0 

1.00 

Both  splanchnics  stimulated  10  seconds  

13.6 

Dilatation 

small 

1.03 

2  cc.  Adrenalin  (1:  25,000)  

11.0 

1.06 

2  cc.  Adrenalin  (1:  25,000)  (with  cava  clamped). 

No  dilatation 

Cava  released  

12.0 

1.08 

Both  splanchnics  stimulated  for  10  seconds 

15.0  Slight  dilata- 

1.27 

tion 

2  cc.  Adrenalin  (1 :  40,000) .... 

11.0 

Dilatation 

1.29 

1  cc.  Adrenalin  (1:40,000)  

prolonged 

13.8 

1.30 

1.4    cc.    Adrenalin    (1:40,000)    (with  cava 

clamped)  

No  dilatation 

1.39 

Cava  released  

12.0 

1  cc.  Adrenalin  (1:  40,000)  (with  cava  clamped). 

No  dilatation 

Cava  released  

13.2 

1.58 

2  cc.  Adrenalin  (1 :  40,000)  (with  aorta  clamped 

2.00 

for  14  seconds  from  beginning  of  injection).  . 

13.2 

Both  splanchnics  stimulated  

No  dilatation 
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later  on  become  effective;  and  still  later  may  again  cease  to  yield 
a  response. 

Thus,  between  11.58  and  12.06,  four  observations  (not  reproduced  in 
the  Table)  were  made,  in  which  were  injected  respectively  1  cc.  of  ad- 
renalin (1:  100,000),  2  cc.  of  adrenalin  (1:100,000),  2  cc.  of  adrenalin 
(1:  50,000)  and  3  cc.  of  the  1:  50,000  solution  without  effect  on  the  eye. 
Between  1.16  and  1.19  p.m.,  three  injections,  two  respectively  of  2  cc, 
and  one  of  3  cc.  of  1 :  100,000  adrenalin  were  without  result.  As  shown 
in  table  2,  at  12.43  p.m.,  1  cc.  of  the  same  solution,  and  at  12.45  3  cc, 
gave  positive  results.  Naturally,  variations  in  the  anesthesia  may  play 
a  part,  in  this  variability  of  the  response,  and  the  point  is  men- 
tioned merely  to  illustrate  the  fact  that  numerous  controls  are  required 
in  such  observations. 

It  has  been  already  stated  that  in  prolonged  experiments,  the 
increase  in  the  time  interval  between  the  beginning  of  stimula- 
tion of  the  splanchnics,  and  the  beginning  of  the  eye  reaction, 
which  is  observed  towards  the  end  of  the  experiment,  may  be 
shown  by  measurements  of  the  circulation  time  to  be  partly  due 
to  slowing  of  the  circulation.  Another  factor,  however,  is  in- 
volved, namely,  the  increase  in  the  latency  of  the  iris  response, 
after  the  epinephrin  has  reached  the  eye.  In  the  time  interval, 
three  factors  are  plainly  concerned :  first,  the  latent  period  of  the 
adrenal  gland,  that  is,  the  time  that  elapses  between  the  begin- 
ning of  an  effective  stimulation  and  the  appearance  of  epinephrin 
in  the  blood ;  (2)  the  circulation  time  from  the  adrenal  to  the  eye 
ball;  (3)  the  latent  period  of  the  structures  in  the  eye  ball  which 
yield  the  reaction.  The  observations  already  mentioned  show 
that  the  first  factor  constitutes  a  very  small  part  of  the  whole 
time  interval.  It  may  vary  with  the  strength  of  the  stimulus  to 
some  extent,  but  this  cannot  easily  be  determined,  because  the 
moment  at  which  the  eye  reaction  can  just  be  seen  to  begin  also 
depends  somewhat  on  the  amount  of  epinephrin  liberated.  In 
comparison  with  the  time  required  for  its  transportation  to  the 
ey6j  and  with  the  lost  time  there  before  the  sensitive  structures 
respond,  the  latent  period  of  the  secretion  may  be  considered 
negligibly  small. 
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MINIMUM  DURATION  OF  EFFECTIVE  STIMULATION  OF  THE 

SPLANCHNICS 

The  minimum  time  of  stimulation  necessary  to  produce  the 
liberation  of  an  amount  of  epinephrin  just  sufficient  to  cause  an 
appreciable  reaction,  is  also  very  short.  It  varies,  of  course, 
with  the  strength  of  stimulation.  With  a  stimulus  (faradic) 
strong  enough  to  be  sharply  felt  on  the  tongue,  one-half  of  a  sec- 
ond of  stimulation  sufficed  to  give  a  reaction.  With  increase  in 
the  time  of  stimulation,  the  maximum  amount  of  dilatation  of 
the  pupil  obtained  and  the  duration  of  the  dilatation  increased, 
and  retraction  of  the  nictitating  membrane,  which  was  not  got 
with  the  short  periods  of  stimulation,  was  seen.  The  maximum 
effect  in  both  reactions  was  reached  more  speedily  with  increas- 


TABLE  3 


TIME 

DURATION  OF  8TIMULTJ8 

BEGINNING  OP  PUPIL 
DILATATION 

NICTITATING  BETRACTED  ' 

seconds 

■'.econis 

10.44 

1 

8.0 

+ 

10.45 

1 

2 

9.0  (slight) 

10.47 

3 

9.0 

+ 

10.48 

5 

9.0 

+ 

10.50 

10 

9.0 

+ 

10.52 

15 

9.2 

+ 

ing  time  of  stimulation.  In  an  animal  in  which  a  reaction  is 
being  easily  ehcited  the  total  time  interval,  between  the  be- 
ginning of  stimulation  and  the  commencement  of  the  eye  reac- 
tion, may  be  approximately  the  same  for  the  longer  as  for  the 
shorter  periods  of  stimulation.  This  is  well  shown  in  tables  3 
and  4,  taken  from  experiments  on  two  cats.  Where  the  eye 
reaction  (or  the  adrenal  secretion)  is  becoming  exhausted  in  the 
course  of  a  long  experiment  the  minimum  time  of  stimulation 
needed  to  produce  an  effect  may  be  greater  than  earher  in  the 
experiment.  When  this  is  the  case,  the  time  interval  to  the 
beginning  of  the  eye  reaction  may  be  diminished  as  the  duration 
of  the  stimulus  is  increased,  as  is  shown  in  table  5,  taken  frohi 
the  same  experiment  as  table  4. 
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COMPARISON  OF  CIRCULATION  TIME  FROM  ADRENALS  TO  EYEBALL, 
WITH  TIME  AT  WHICH  THE  EYE  REACTION  APPEARS 

The  circulation  time  from  the  level  of  the  adrenals  to  the  ca- 
rotid and  to  the  eyeball  was  determined  in  a  nmnber  of  experi- 
ments by  the  methylene  blue  method  (8),  in  order  to  verify  the 
assumption  that  the  time  interval  of  the  eye  reaction  was  of  the 
order  of  magnitude  appropriate  to  a  reaction  elicited  by  a  sub- 
stance moving  from  the  adrenals  to  the  eye  with  the  average 
speed  of  the  blood.    In  every  case  the  time  required  for  blood  to 


TABLE  4 


TIMX 

DURATION  OF  STIMULUS 

BEGINNING  OP  PUPIL 
DILATATION 

NICTITATING  RETRACTED 

seconds 

seconds 

11.32 

5 

9.6 

+ 

11.35 

* 

9.6  (very  slight) 

11.37 

1 

10.2 

11.38 

3 

10.0 

in  11  seconds 

TABLE  5 


TIMB 

DURATION  OP  STIMULUS 

BEGINNING  OF  PUPIL 
DILATATION 

NICTITATING  RETRACTED 

seconds 

seconds 

12.35 

15 

13.4 

13.4 

12.38 

1 

3 

No  dilatation 

12.40 

1 

No  dilatation 

12.42 

3 

No  dilatation 

12.44 

5 

18.6  (very  slight) 

12.46 

10 

15.0  (very  slight) 

pass  to  the  eye  or  even  through  it,  was  found  to  be  less  than  the 
time  interval  at  which  the  reaction  occurred  when  elicited  by 
stunulation  of  the  splanchnics.  A  margin  was  always  left  for  the 
time  necessary  for  the  reaction  to  be  developed  to  the  point  at 
which  it  could  be  detected  after  the  epinephrin  had  reached  the 
sensitive  structures. 

In  an  experiment,  on  a  cat,  1.5  cc.  of  a  solution  of  methylene  blue 
made  with  Ringer's  solution,  was  injected  into  the  left  renal  vein. 
The  right  splanchnic  in  the  thorax  was  stimulated  from  the  beginning 
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of  the  injection,  the  stimulation  being  continued  for  5  seconds.  The 
methylene  blue  was  first  observed  in  the  carotid  at  4.2  seconds,  and  the 
pupil  began  to  dilate  at  10.2  seconds  from  the  beginning  of  injection. 
1.5  cc.  of  1:50,000  adrenalin  in  the  same  solution  of  methylene  blue 
was  then  injected  into  the  femoral  vein.  The  color  was  seen  in  the 
carotid  at  6  seconds,  and  dilation  of  the  pupil  occurred  at  10.2  seconds. 
An  injection  of  2  cc.  of  the  adrenalin-methylene  blue  solution  was  then 
made,  and  the  color  was  observed  in  the  carotid  at  5.2  seconds,  the 
dilatation  of  the  pupil  beginning  at  9.2  seconds.  Later  on  in  the  ex- 
periment, when  the  animal  was  in  distinctly  worse  condition,  stimula- 
tion of  the  right  splanchnic  (for  15  seconds)  gave  dilatation  of  the 
pupil  and  retraction  of  the  nictitating  on  the  denervated  side  in  13.2 
seconds  from  the  beginning  of  stimulation.  Injection  was  then  made 
into  a  femoral  vein  of  2  cc.  of  1:  50,000  adrenalin  in  methylene  blue 
solution.  Dilatation  of  the  pupil  occurred  in  12.2  seconds.  In  a  later 
observation  4  cc.  of  the  adrenalin  methylene  blue  solution  was  in- 
jected. The  blue  was  seen  with  the  ophthalmoscope  in  the  retinal 
vessels  of  the  normal  eye  at  11.4  seconds,  and  the  pupil  dilatation 
occurred  in  the  denervated  eye  at  14.4  seconds.  The  normal  eye  was 
dilated  with  atropia.  When  this  observation  was  repeated,  7  min- 
utes later,  the  color  was  detected  in  the  retina  in  10.6  seconds,  and 
dilatation  of  the  pupil  took  place  in  12.2  seconds. 

The  protocol  in  table  6  further  illustrates  experiments  in  which 
simultaneous  observations  of  the  eye  reaction  caused  by  adrenalin,  and 
the  circulation  time,  as  determined  by  the  methylene  blue  method, 
were  made. 

The  circulation  time  from  the  left  renal  vein  or  the  femoral 
vein  to  the  carotid  artery  corresponds  to  a  little  less  than  the 
time  required  for  the  first  of  the  epinephrin  liberated  from  the 
adrenal  to  reach  the  iris.  Probably  something  like  2  seconds 
must  be  added  for  the  circulation  time  through  the  iris  capil- 
laries. (It  was  found  by  one  of  us  (9)  that  the  time  from  the 
central  artery  to  the  central  vein  of  the  retina  in  chloralized  rab- 
bits was  from  1.7  to  1.9  seconds.)  Even  allowing  for  this,  it  is 
evident  that  it  takes  some  sensible  time  after  epinephrin  has 
traversed  the  sensitive  structures  in  the  eyeball  before  a  reaction 
IS  seen,  at  least  under  the  conditions  of  our  experiments. 
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TABLE  6 

Condensed  protocol  of  experiment  on  a  cat.    Left  superior  cervical  ganglion  removed 

16  days  before  the  experiment 


TIME 


10.20 
11.00 
11.02 
11.04 


11.08 
11.10 
11.40 
11.42 

11.44 

11.46 
11.48 
11.59 

12.02 
12.07 
12.10 


12.15 


12.20 


12.25 

12.40 
12.42, 

12.56 


Urethane  1  gram  

Right  splanchnic  ligated  and  cut  in  thorax. . 

Stimulated  splanchnic  

Inferior  vena  cava  clamped;  splanchnic 
stimulated  for  15  seconds.  No  effect  on  the 
pupils  while  the  cava  was  clamped ;  after  30 
seconds  cava  undamped,  and  9  seconds 
later  pupil  dilated  

Repeated  observation  made  at  11.04  

Stimulated  splanchnic  

Injected  2  cc.  methylene  blue  into  renal  vein 

Injected  1.5  cc.  methylene  blue  into  renal 
vein  

Injected  1.5  cc.  methylene  blue  into  renal 
vein  

Injected  1.5  cc. 

Injected  1.5  cc. 

Injected  2   cc.    of    1:50,000   adrenalin  in 

methylen  blue  

Repeated  last  observation  

Stimulated  splanchnic  

Clamped  cava  for  32  seconds.  Stimulated 

splanchnic  15  seconds  from  the  time  of 

clamping  

Removed  clamp  

Clamped  cava.    Injected  2  cc.  adrenalin- 

methylen  blue  into  renal  vein  

Removed  clamp  after  24  seconds  

Repeated  last  observation.    Cava  clamped 

37  seconds  

Removed  clamp.    Methylene  blue  seen  in 

carotid  in  

Injected   2   cc.    adrenalin-methylen  blue 

into  renal  vein  

Stimulated  splanchnic  for  15  seconds   . 

Stimulated  splanchnic  with  stronger  stimulus 
Massaged  left  adrenal  


3EEN  IN 
CA.BOTID 
AFTER 


seconds 


4.0 

3.8 

3.0 
4.0 
3.2 

3.0 
3.2 


3.0 
3.3 


PUPIL  BEACTION 


seconds 


9.0 


9.0 
10.0 
8.0 


5.2 
5.6 
8.5 


No  dilatation 
10.0 

No  dilatation 
7.0 

No  dilatation 

9.5 

8.2 
19.0 
No  effect 
No  effisct 
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EXPERIMENTS  IN  WHICH  THE  ARTERIAL  FLOW  TO  THE  EYEBALL 

WAS  INTERFERED  WITH 

The  experiments  on  occlusion  of  the  venous  path  from  the 
adrenals  were  supplemented  by  observations  in  which  the  arterial 
path  to  the  eyeball  was  interfered  with.  The  circulation  in  an 
eyeball  is  not  completely  stopped  when  the  corresponding  com- 
mon carotid  is  occluded.  If,  then,  the  response  to  stimulation 
of  the  peripheral  end  of  the  splanchnic  is  solely  due  to  a  substance 
carried  in  the  blood,  it  is  obvious  that  it  will  depend  upon  the 
amount  of  blood  reaching  the  eye  by  other  routes,  upon  the 
amount  of  epinephrin  liberated  by  a  given  stimulation  of  the 
splanchnics  and  upon  the  sensitiveness  of  the  reacting  structures 
to  epinephrin,  whether  the  reaction  yielded  by  splanchnic  stimu- 
lation shall  be  entirely  suppressed  or  merely  postponed,  and  per- 
haps weakened,  by  occlusion  of  one  or  of  both  carotids.  It 
ought,  indeed,  to  be  merely  a  matter  of  properly  choosing  the 
duration  and  strength  of  stimulation,  and  the  degree  of  inter- 
ference with  the  arterial  path  to  the  eye,  to  bring  about  complete 
suppression  of  the  eye  reaction  or  to  permit  it  to  be  elicited. 
Further,  the  details  of  the  eye  response  to  splanchnic  stimula- 
tion, when  the  flow  of  blood  to  the  eye  is  more  or  less  inter- 
rupted, should  be  capable  of  being  imitated  by  injecting  greater 
or  smaller  quantities  of  adrenalin  into  a  vein.  This  is  fully  as 
severe  a  test  as  the  occlusion  of  the  venous  path  from  the  adrenals. 
For  a  greater  variety  of  result  is  possible.  Yet  all  the  varia- 
tions must  agree  with  the  assumption  that  the  effective  factor, 
in  bringmg  about  the  eye  response,  is  circulating  epinephrin. 
If,  for  instance,  it  were  found  that  with  one  or  both  carotids 
clamped  the  eye  reaction  followed  sooner  on  stimulation  of  the 
splanchnic  than  with  the  vessels  free,  this  could  not  be  reconciled 
with  the  assumption  aforesaid,  for  it  must  take  longer  for  the 
epinephrin  to  reach  the  eye  ball  by  less  direct  routes,  and  less  of 
it  will  arrive  at  the  sensitive  structures. 

As  will  be  seen  from  the  condensed  protocol  of  the  experiment 
reproduced  in  table  7,  the  results  of  clamping  the  ipsilateral  or 
the  contralateral  carotid,  or  of  both,  with  varying  intensity  and 
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duration  of  stimulation  of  the  splanchnic,  are  invariably  what 
they  ought  to  be  if  the  eye  reaction  is  due  to  a  substance  carried 
in  the  blood.  Also,  each  result  can  be  imitated  by  injecting  dif- 
ferent quantities  of  adrenalin  solution  into  the  femoral  vein 
with  one  or  both  carotids  clamped.  The  occlusion  of  the  carotid 
has  the  slight  disadvantage  from  the  point  of  view  of  technique, 
that  it  causes  some  dilatation  of  the  pupil  itself.  This,  however^ 
when  the  splanchnic  stimulation  or  adrenaUn  injection  is  made 
immediately  after  clampuig,  is  not  a  serious  drawback,  and  the 
beginning  of  the  more  sudden  dilatation  of  the  pupil  due  to  epi- 
nephrin  is  easily  recognized  when  superposed  upon  the  slow 
dilatation  due  to  interference  with  the  circulation. 

It  will  be  seen  that  in  this  animal,  in  which  the  eye  response  was 
ehcited  by  stimulation  of  the  splanchnic  with  great  ease,  it  was 
necessary  to  reduce  the  time  of  excitation  even  when  only  one 
splanchnic  was  stimulated  to  2  seconds,  and  to  reduce  the 
strength  of  the  stimulus  in  order  to  abolish  the  reaction  completely 
when  both  carotids  were  clamped.  On  releasing  the  carotids,  a 
response  was  not  in  general  obtained  comparable  to  the  response 
observed  when  the  vena  cava  is  released  after  a  period  of  stimu- 
lation. It  is  clear  that  this  ought  to  be  the  case,  because  the 
epinephrin  instead  of  being  dammed  back  behind  the  clamp,  as 
when  the  cava  is  occluded,  must  have  passed  for  the  most  part 
into  the  general  circulation  during  occlusion  of  the  carotid.  It 
is  of  course  possible  that  when  unusually  large  quantities  of 
epinephrin  are  liberated,  an  after  response  may  be  obtained 
on  releasing  the  carotids.  With  a  shorter  distance  between 
the  coils,  and  the  same  time  of  stimulation,  or  with  a  longer 
time  of  stimulation  and  the  same  distance  between  the  coils, 
so  much  more  epinephrin  was  liberated  from  the  adrenals  that 
enough  of  it  found  its  way  to  the  denervated  eye,  even  with 
both  carotids  clamped,  to  produce  after  a  much  lengthened  time 
interval  the  characteristic  reaction.  When  only  one  carotid  was 
clamped,  occlusion  of  the  ipsilateral  artery  had  a  much  greater 
effect  than  clamping  of  the  contralateral  artery,  in  lengthenmg 
the  time  interval.  The  fact  that  doses  of  adrenalin  could  be 
determined  which,  when  injected  into  a  vein,  behaved  as 


LIBERATION  OF  EPINEPHRIN  FROM  ADRENAL  GLANDS  220 


TABLE  7 

Condensed  protocol  of  experiment  on  a  cat  weighing  3  kg.,  whose  left  superior  cer- 
vical ganglion  had  been  excised  9  days  before.  The  numbers  in  brackets  are  the 
distances  between  the  coils  in  stimulating. 


1.00 
1.30 
2.15 

2.30 

2.33 

2.35 

2.39 

2.41 

2.43 

2.45 

2.48 

2.49 

2.51 

3.02 

3.05 

3.08 

3.10 

3.14 

3.16 

3.23 


2.5  grams  urethane  

Ether  

Left  splanchnic  ligated,  divided  and  iso- 
lated in  thorax  

Left  splanchnic  (stimulated)  9.8  seconds 
(coils  at  12  cm.)  

Left  splanchnic  (stimulated)  10  seconds 
(coils  at  12  cm.)  (with  left  carotid 
clamped)  ^.  

Left  carotid  clamped  for  10  seconds  (no 
effect  on  eye)  

Left  splanchnic  stimulated  for  10  seconds 
(8.5  cm.)  

Left  splanchnic  stimulated  for  6.8  sec- 
onds (8.5  cm.)  

Left  splanchnic  stimulated  for  5  seconds 
(9  cm.)  

Left  splanchnic  stimulated  for  5  seconds 
(9  cm.)  (left  carotid  clamped)  

Left  splanchnic  stimulated  for  5  seconds 
(10  cm,)  

Left  splanchnic  stimulated  for  5  seconds 
(12  cm.)  

Left  splanchnic  stimulated  for  2  seconds 

(12  cm.)  

Left  splanchnic  stimulated  for  1  second 

(12  cm.)  (left  carotid  clamped)  

Left  splanchnic  stimulated  for  2  seconds 

(12  cm.)  (both  carotids  clamped)  

Left  splanchnic  stimulated  for  5  seconds 

(12  cm.)  

Left  splanchnic  stimulated  for  5  seconds 
(12  cm.)  (both  carotids  clamped)  

Left  splanchnic  stimulated  for  5  seconds 
(12  cm.)  

Left  splanchnic  stimulated  for  2  seconds 
(12  cm.)  

Left  splanchnic  stimulated  for  2  seconds 
(12  cm.)  (both  carotids  clamped)  


DILATATION 
OF  PtJPIL  AFTER 


seconds 


9.8 


12.8 


10.2 


6.8 


7.0 


NICTITAT- 
ING 
MEMBRAN  E 


+ 
+ 

+ 
+ 
+ 


8.0 

8.6 

6.8  (moderate) 

7.2  (moderate) 

+ 

10.8  (moderate) 

+ 

No  eff.  at  20 

7.2 

+ 

12.4 

+ 

7.2 

+ 

10.2 

+ 

No  react,  in  25 
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TABLE  7— Continued 


TIME 

DILATATION 
OF  PUPIL  AFTER 

NICTITAT- 

INQ 
MEMBBANI 

3.26 

Left  solanchnifi  stimnlntprl  fnr  9  oonnnrio 

(12  cm.)  fleft  carotid  plnmr>pr1^ 

10.^  (.moderate) 

— 

3.30 

\j  tj|-/xt*/j.xv^ij.Aii v>  o UAiii utJU.  1  Ul    ^  ocUUllClS 

(12  cm.). 

7  Q 

+ 

3.32 

(12  cm.)  rboth  carotids  rlnTrmprl^ 

iNo  react,  in  ou 

3.35 

ClarnDpd  lioth  onrnf.irl'^  for  9^  Q^nnndai 

3.44 

Lsft  SDlanchnic  atiimilatpH  for  10  qppnnrla 

(12  cm.)  (both  carotids  plamr»pd^++ 

1  9  A 

1 

+ 

3.49 

Tjfift  snlanclinio  stinnnlntpd  fnr  S  fi  aonnnr^a 

(12  cm.) 

o .  D 

1 

3.51 

TjPft  SnlflTIP.VlTlip  stirmilfltpd  fnr  10  aonnnrla 

(12  cm  )  (Ipft  carotid  rlamnpd^ 

10  9 

1 

+ 

3.55 

Left  SDlanchnic  stimiilatpd  for  10  sppnndja 

(12  cm.)  (both  r.arotids  p.lamnpd^ 

1  ^  fi 

1 

l\o  rpfiption  on  tpIppcjitio' 

4.00 

Left  SDlanchnic  stimiilatpd  for  spponds 

M  9  o.TC\  )  ^both  pa  Toti d.s  p1  a TYrnpd 

lo .  o  ^^moQera  te } 

4.03 

Left  snlanchnic  stimiilatpd  for  sppondq 

(12  p,m  )  Hpft  parotid  plnmnpd^ 

IN  U  tJiXtJCt 

4  Ofi 

n  .  \J\J 

Tjpf t  snl fi n phnip  stiTmil a tpd  for  K  sppnn d q 

XJ^X  U    O  L/Xcl;XX\^XXXJ.XV>    O  UXXXi,  UXd/ UCy  L4.    i.\J\.    %j    a\^\j\J  iXKXxj 

(12  cm  ) 

O  .  rt 

4  08 

Tjpf t  snlfinphnip  stiTniilatpd  for  K  rp ponds 

JLJV/X  U    O  LFXCliXXV^XXXXXV^    O  UXXXX  LLXcl;                X  UX  OO^V^XXUO 

1 1  9           1   1 1  pf t  f» Q rnti d  pi q TYinpd  l 

11  0 

Tipft  RTilflnphnip  stimnlntpd  foT*  K  spponds 

f19  pnri   1  TTicht  parotid  planrnpd^ 

_1_ 

4  19 

Tipf  t  snl  a  n  phnip  stimnl  a  tpd  for  9  spponds 

7  fi 

_1_ 

4  1  ft 
^ .  ID 

T .of "f"  ar^l Q nnlrm <^  Q't'i mn  1  q "fod  fnr  9  cippnn d a 
JUcX  u  O^XailXUXXXlXL'   O  UXXxXtlXOi  utJU.  XUX    ^  iScL'UXXV.lH 

^iz  c,m.^  t^DOLn  carotiQs  ciampeu.^  

Mn  pfFppt 

XN  U  tJlXtJL.  U 

4  1  Q 

T  £if+  C5T\  1 Q Ti n 1 Q'f"! TYiii  1 Q "fori  fnr  9  aoPnnriQ 
J_iCi  t  opidxlOXXxlXL'  otXIxlLlicttcU.  iUX   ^  ocOUXitio 

1  ^  5?  /'modpratp'^ 

_1_ 
1 

A  97 

Ijol  1/  oLlliilldllllO  o  tllllLlitXbtJU.  iUl  otHjVJXlUH 

9.4 

4.47 

1  cc.  (1:  100,000)  adrenalin  into  femoral 

10.6 

5.07 

2  cc.  (1:25,000)  adrenalin  into  femoral 

7.8 

+ 

5.12 

1  cc.  (1:12,500)  adrenalin  into  femoral 

7.4 

+ 

5.14 

1  cc.  (1:  12,500)  adrenalin  (both  carotids 

11.2 

+ 
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TABLE  7— Continued 


5.15 

5.21 
5.25 

5.30 

5.35 

5.37 

5.40 

5.43 

5.45 

5.48 

5.58 

6.00 

6.02 

6.04 

6.20 

6.48 
6.50 
6.53 

6,54 

6.55 

6.56 

6.58 
7.00 


0.5  cc.  (1:12,500)  adrenalin  (both  carotids 

clamped)  

0.3  cc.  (1:  12,500)  adrenalin  

0.3  cc.  (1 :  12,500)  adrenalin  (both  carotids 

clamped)  

0.5  cc.  (1:  25,000)  adrenalin  (both  carotids 

clamped)  

Left  splanchnic  stimulated  for  2  seconds 

(12  cm.)  

Left  splanchnic  stimulated  for  2  seconds 

(12  cm.)    

Left  splanchnic  stimulated  for  5  seconds 

(12  cm.)  

Left  splanchnic  stimulated  for  5  seconds 

(12  cm.)  (both  carotids  clamped)  

Left  splanchnic  stimulated  for  2  seconds 

(12  cm.)  (both  carotids  clamped)  

0.7  cc.  (1:25,000)  adrenalin  (slowly  in- 
jected)  

0.6  cc.   (1:25,000)   adrenalin  (injected 

faster)  

1.2  cc.   (1:25,000)   adrenalin  (injected 

faster)  

1.2  cc.  (1:25,000)  adrenalin  (both  carot- 
ids clamped)  

0.25  cc.  (1:  25,000)  adrenalin  (both  carot- 
ids clamped)  

Left  splanchnic  stimulated  for  6.2  sec- 
onds (12  cm.)  

0.3  cc.  (1:25,000)  adrenalin        

0.25  cc.  (1:  25,000)  adrenalin  

0.3  cc.  (1 : 25,000)  adrenalin  (both  carotids 

clamped)  

0.25  cc.  (1:  25,000)  adrenalin  (left  carotid 

clamped)  

0.3  cc.  (1:25,000)  adrenalin  (right  carotid- 
clamped)  

0.15  cc.  (1:  25,000)  adrenalin  (left  carotid 

clamped)  

0.15  cc.  (1:  25,000)  adrenalin              

0. 15  cc.  (1 :  25,000)  adrenalin  (both carotids 
clamped)  


DILATATION 
OP  PUPIL  AFTER 


seconds 

16.6 
12.8 

20.0 

17.2 

6.0 

6.0 

6.0 
15.0 

No  reaction 
11.2 

8.6 

6.0 

14.2  (moderate) 
No  reaction 


NICTITAT- 
ING 
MEMBRANE 


6.2 

+ 

12.0 

+ 

12.0 

+ 

No  reaction 

15.2 

11.6 

+ 

17.0  (moderate) 

+ 

13.4 

+ 

No  reaction 

+ 
+ 
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TABLE  7-Continued 


TIMX 

DILATATION 
OP  PUPIL  AFTER 

NICTITAT- 
INQ 
MEMBRANE 

7.02 

0.15  cc.  (1:  25,000)  adrenalin  ♦ 

secondu 

10.2 

+ 

7.03 

Right  splanchnic  divided  isolated 

7.06 

Right  splanchnic  stimulated  for  8.2  sec- 
onds (9  cm.). • .  . 

8.2 
9.0 
13.0 

12.0  (moderate) 
10.0  (moderate) 
11  0 
11.0 

8.4 

7.4 

+ 

+ 

+ 

+ 

+ 
1 

+ 
+ 
+ 

7.07 

Right  splanchnic  stimulated  for  8.2  sec- 
onds (9  cm.). . . 

7.09 

Right  splanchnic  stimulated  for  10  sec- 
onds (12  cm.)  

7.10 

Right  splanchnic  stimulated  for  5  sec- 
onds (12  cm.)  

7.11 

Right  splanchnic  stimulated  for  5  sec-  . 
onds  (9  cm.)  

7.12 

0.8  cc.   (1:25,000)   adrenalin  (injected 
slowly)  

7.13 

1.0  cc.   (1:25,000)   adrenalin  (injected 
slowly)  

7.15 

1.0  cc.   (1:25,000)  adrenalin  (injected 
rapidly  under  pressure)  

7.18 

2.0  cc.   (1:25,000)   adrenalin  (injected 
rapidly  under  pressure)  

Left  adrenal  weighed  0.214  gm.  and  contained  0.12  mg.  epinephrin. 
Right  adrenal  weighed  0.203  gm.  and  contained  a  trace  of  epinephrin  (less  than 
0.02  mg.). 


*  When  carotids  were  clamped,  gradual  dilatation  of  both  pupils  occurred, 
the  left  going  on  to  almost  full  dilatation.  On  removing  clamps,  left  pupil 
kept  on  dilating  to  full,  and  the  nictitating  membrane  retracted  at  12.4  seconds 
after  release  of  carotids. 

t  Both  pupils  gradually  dilated,  left  more  than  right.  After  release  con- 
traction of  both  pupils,  right  contracting  immediately  and  left  gradually.  The 
left  nictitating  retracted  16.4  seconds  after  release. 

tt  Removed  clamp  after  35  seconds.  The  same  effects  were  observed  as  is  in 
observation  of  3.35,  nictating  retracting  14.1  seconds  after  release.  The  effects 
observed  when  carotids  were  released  after  occlusion  for  periods  of  such  length 
were  invariably  the  same,  and  reference  to  them  is  omitted  in  the  rest  of  the 
protocol. 

regards  the  eye  response  evoked  during  interference  with  the 
arterial  supply  of  the  eye  ball,  precisely  in  the  same  way  as 
stimulation  of  the  splanchnic,  absolutely  clinches  the  proof  that 
the  nerve  exerts  its  effect  by  liberating  epinephrin. 

The  amount  of  adrenalin  necessary  to  reproduce  approximately 
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the  eflfect  of  a  stimulation  of  the  left  splanchnic  for  2  to  5  sec- 
onds was  about  1  cc.  of  a  1:  25,000  solution,  i.e.,  0.04  mg.  An 
assay  of  the  adrenalin  used  showed  that  it  was  10  per  cent  under 
its  nominal  strength.  Even  assuming  that  the  necessary  quan- 
tity was  only  0.02  mg.,  the  large  number  of  successful  stimula- 
tions (at  least  20),  if  each  liberated  0.02  mg.  of  epinephrin,  would 
imply  a  very  large  initial  store  of  epinephrin  in  the  left  adrenal, 
(higher  indeed  than  EUiot  found  in  any  cat),  if  all  the  liberated 
epinephrin  came  from  the  store.  Add  to  this,  that  some  of  the 
stimulations  were  longer  than  5  seconds,  and  we  know  that 
the  reaction  and  therefore  the  amount  of  epinephrin  set  free 
increases  up  to  a  certain  point  with  duration  of  the  stimu- 
lation. Fiu-ther,  there  is  scarcely  any  doubt  that  the  eye  reac- 
tions could  have  been  elicited  a  much  larger  number  of  times 
by  stimulation  of  the  nerves,  had  it  been  the  object  of  the  ex- 
periment to  determine  the  maximum  number  of  successful  ex- 
citations. It  is  suggestive  in  this  connection  that  the  extremely 
low  content  of  epinephrin  in  the  right  adrenal,  accoimted  for,  in 
accordance  with  Elliot's  work,  by  the  corresponding  splanchnic 
nerve  having  remained  intact  during  an  anaesthesia  of  6  hours 
duration  (a  good  deal  of  ether  being  needed),  coincided  with  a 
considerable  power  of  the  right  splanchnic  to  liberate  epinephrin 
in  response  to  electrical  stimulation. 

The  distinct  shortening  of  the  time  interval  between  the  be- 
ginning of  stimulation  of  the  left  splanchnic  and  the  beginning 
of  the  eye  response  seen  in  the  observations  commencing  at  5.45 
p.m.  is  probably  connected  with  improvement  in  the  circulation 
due  to  repeated  injections  of  adrenalin  and  also  of  the  Ringer's 
solution  in  which  it  was  dissolved. 

We  take  the  opportunity  to  point  out  here  that  the  denervated 
eye  reaction^  not  only  constitute  an  extraordinarily  sensitive 
test  for  small  quantities  of  epinephrin  circulating  in  the  blood, 
but  also  afford  the  means  of  studying  certain  questions  con- 
nected with  the  mass-movement  of  the  blood,  and  especially  with 
the  collateral  circulation  when  large  vessels  are  blocked.  The 
demonstration  of  the  onward  flow  of  blood  in  the  inferior  cava, 
after  occlusion  of  the  aorta,  has  already  been  referred  to. 
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As  already  stated,  the  eye  response  in  this  animal  was  very 
easy  to  elicit  by  stimulation  of  the  splanchnic,  and  very  difficult 
to  exhaust.  In  consequence,  it  was  no  doubt  more  difficult  to 
abolish  it  by  occlusion  of  the  carotids  than  in  animals  in  which 
a  smaller  response  was  obtained.  The  cat  was  exceptionally 
large,  and  in  large  animals  the  collateral  circulation  may  be  ex- 
pected to  be  freer  than  in  small,  as  witness  the  difference  in  the 
effect  of  ligating  the  four  cerebral  arteries  in  dogs  on  the  one  hand, 
and  in  cats  and  rabbits  on  the  other. 

Also  the  thjrroids  were  much  enlarged.  The  clips  were  put 
on  the  carotids  below  the  level  of  the  thyroids  and  a  freer  col- 
lateral circulation  than  normal  may  have  existed  distal  to  the 
clips.  It  may  be  predicted,  that  in  different  animals  the  effect 
of  clamping  one  or  both  carotids,  on  the  eye  response,  will  vary 
considerably  with  the  excitability  of  the  epinephrin-liberating 
mechanism,  and  with  the  abundance  of  the  collateral  circulation. 
As  a  matter  of  fact,  in  another  cat,  whose  response  to  splanchnic 
stimulation  had  never  been  as  good  as  in  the  case  just  described, 
and  had  been  to  a  certain  extent  exhausted  by  the  time  the  ob- 
servations on  occlusion  of  the  carotids  were  made,  it  was  very 
easy  to  abolish  the  response  by  clamping  the  ipsilateral  carotid 
alone. 

In  this  animal,  whose  superior  cervical  ganglion  had  been  removed  8 
days  before,  the  left  carotid  was  clamped  during  stimulation  of  the 
peripheral  end  of  the  left  splanchnic  nerve.  No  eye  reaction  was  ob- 
tained, either  during  the  occlusion  or  after  the  removal  of  the  clamp, 
although  stimulation  of  the  splanchnic  was  effective  in  control  obser- 
vations with  the  carotid  free.  For  example,  in  one  observation,  stimu- 
lation of  the  splanchnic  was  followed  by  full  dilatation  of  the  left 
pupil  in  10  seconds  from  the  beginning  of  stimulation.  The  pupil  re- 
turned to  normal  in  1  minute.  Four  minutes  later  the  carotid  was 
clamped,  and  the  splanchnic  stimulated  for  25  seconds,  without  result 
on  the  denervated  eye.  Stimulation  was  then  stopped  and  the  clamp 
removed  15  seconds  later.  No  eye  effect  was  obtained  after  removal 
of  the  clamp. 
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MASSAGE  OF  THE  ADRENALS 

It  was  shown  by  one  of  us  (10)  that  when  the  adrenal  (i^  the 
dog)  was  massaged,  a  quantity  of  epinephrin,  easily  detectable 
by  the  intestine  and  uterus  segment  reaction,  was  liberated  into 
the  adrenal  vein.  The  concentration  of  epinephrin  in  blood  col- 
lected from  the  vein,  in  one  experiment,  was  estimated  at 
1 :  500,000.  The  reactions  of  the  denervated  eye  are  also  obtained 
(in  cats  and  dogs)  when  one  or  both  adrenals  are  massaged  after 
section  of  the  corresponding  or  of  both  splanchnics.  The  time 
interval  between  the  beginning  of  massage  and  the  beginning  of 
the  eye  reaction,  when  massage  gives  a  good  reaction,  is  the  same, 
within  the  limits  of  error  of  our  observations,  as  the  interval 
when  the  eye  reaction  is  elicited  by  stimulation  of  the  splanchnic. 
In  an  animal  in  which  splanchnic  stimulation  is  causing  a  good 
eye  response,  even  slight  and  momentary  massage  of  the  corre- 
sponding adrenal  may  be  effective.  The  reaction  is  therefore  due 
to  the  setting  free  of  epinephrin  just  as  when  it  follows  stimulation 
of  the  splanchnics. 

That  the  latent  period  of  the  liberation  of  epinephrin  by  mas- 
sage is  very  short,  as  in  the  case  of  its  liberation  by  stimulation  of 
the  splanchnic,  is  indicated  by  a  comparison  of  the  time  interval 
at  which  the  eye  reactions  occur  with  the  interval  after  injection 
of  adrenahn.  For  example,  in  an  experiment  on  a  dog  the  right 
adrenal  was  massaged  and  dilatation  of  the  pupil  occurred  in  the 
denervated  eye  in  11.2  seconds  from  the  beginning  of  massage. 
2.5  cc.  of  a  1 :  50,000  solution  of  adrenalin  in  Ringer's  was  now  in- 
jected into  the  central  end  of  the  femoral  vein,  and  dilatation  of 
the  pupil,  which  soon  became  maxunal,  was  observed  at  11.6 
seconds. 

The  question  may  be  asked  whether  the  effect  of  nassage  is  not 
really  a  mechanical  stimulation  of  the  nerve  fibres  in  the  glands. 
That  it  is  something  more  is  indicated  by  the  fact  that  when  after 
repeated  stimulation,  excitation  of  a  splanchnic  nerve  has  ceased 
to  be  followed  by  an  eye  reaction,  a  good  reaction  may  still  be 
obtained  by  massage  of  the  gland.  Ultimately,  this  fails  also, 
and  at  a  time  when  the  gland  still  contains  epinephrin,  as  deter- 
mined by  quantitative  estimation  after  its  removal. 
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For  example,  in  an  experiment  on  a  cat  (anesthetized  with  ether 
alone),  the  left  splanchnic  was  stimulated  before  cutting  it.  The  eye 
rea#ion  was  readily  obtained  (in  10,  11  and  10  seconds  in  three  suc- 
cessive observation,  in  which  the  nerve  was  stimulated  till  the  reaction 
appeared).  After  section  of  the  splanchnic,  stimulation  of  its  periph- 
eral end  was  followed  in  11  seconds  by  dilatation  of  the  pupil  and  re- 
traction of  the  nictitating.  The  nerve  was  then  stimulated  in  seven 
further  observations  for  periods  varying  from  15  to  22  seconds.  No 
effect  was  now  produced  on  the  eye.  The  electrodes  were  then  applied 
to  the  left  adrenal  gland  directly  for  37  seconds.  There  was  no  re- 
sponse by  the  pupil  or  nictitating.  Immediately  thereafter  massage 
of  the  left  adrenal  was  performed,  until  a  response  was  obtained  in  12 
seconds  from  the  beginning  of  the  massage.  The  eye  response  was 
maximal,  and  the  pupil  remained  well  dilated  for  more  than  5  minutes, 
indicating  that  the  massage  had  liberated  a  considerable  amount  of 
epinephrin.  Five  minutes  after  the  first  massage,  the  gland  was  again 
massaged  for  30  seconds,  without  causing  any  further  dilatation  of  the 
pupil,  which  had  not  at  this  time  diminished  to  its  original  size.  Three 
minutes  later  the  splanchnic  was  stimulated  for  18  seconds  without 
effect.  Massage  of  the  gland  was  repeated  in  3  minutes,  till  dilatation 
of  the  pupil  occurred  in  15  seconds  from  the  beginning  of  the  massage. 
The  dilatation  persisted  for  10  seconds.  Finally,  the  splanchnic  was 
stimulated  for  23  seconds  without  evoking  any  eye  response. 

In  an  experiment  on  a  dog,  the  left  splanchnic  (in  the  thorax)  had 
been  stimulated  13  times,  stimulation  being  in  each  case  followed  by 
good  eye  reactions.  The  average  time  of  stimulation  was  15  seconds. 
The  time  interval  at  which  the  eye-response  followed  the  beginning  of 
stimulation  ranged  from  8.2  to  11.2  seconds  at  different  stages  in  the 
experiment.  Two  minutes  before  the  effect  of  massage  of  the  adrenals 
was  tested,  stimulation  of  the  left  splanchnic  caused  dilatation  of  the 
pupil  in  8.4  seconds.  A  brief  massage  of  the  left  adrenal  then  pro- 
duced an  eye  response  in  8.2  seconds.  The  dilatation  of  the  pupil  was 
good,  and  greater  than  that  caused  by  the  previous  stimulation  of  the 
nerve.  Five  minutes  later  the  left  adrenal  was  massaged  for  2  seconds; 
no  effect  was  caused  on  the  eye.  After  an  interval  of  2  minutes,  the 
left  adrenal  was  strongly  massaged  for  5  seconds,  and  dilatation  of  the 
pupil  was  seen  18.4  seconds  after  the  beginning  of  the  massage.  The 
pupil,  however,  was  still  dilated  from  the  first  massage.  One  minute 
later  the  gland  was  massaged  strongly,  and  full  dilatation  of  the  pupil 
was  obtained  in  22.4  seconds.    The  massage  was  still  continued  with 
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the  object  of  exhausting  the  epinephrin  store.  The  dilatation  lasted 
3§  minutes.  The  left  splanchnic  was  then  stimulated  for  20  seconds 
without  elfect  on  the  eye.  Massage  of  the  left  adrenal  now  caused 
a  very  slight  dilatation  of  the  pupil  after  31.8  seconds.  The  right 
splanchnic  (in  the  thorax)  was  now  stimulated  twice  for  20  seconds 
without  effect.  Massage  of  the  right  adrenal  was  then  performed,  and 
dilatation  of  the  pupil  occurred  11.2  seconds  from  the  beginning  of  the 
massage. 

It  will  be  observed  that  massage  of  the  right  unexhausted 
adrenal  caused  a  pupil  reaction  after  a  time  interval  of  the  same 
order  of  magnitude  as  was  obtained  earlier  in  the  experiment, 
while  the  animal  was  in  good  condition,  by  stimulating  the 
splanchnic;  and  also  of  very  much  the  same  length  as  the  time 
interval  of  the  reaction  elicited  in  the  first  massage  of  the  left 
adrenal.  The  conclusion  can  scarcely  be  avoided  that  the 
reason  for  the  extraordinary  increase  in  the  length  of  the  interval 
in  the  later  massage  observations  on  the  left  adrenal  is  due  to  the 
fact  that  very  little  epinephrin  could  now  be  liberated  by 
massage.  It  therefore  took  a  considerable  time  to  accumulate 
such  an  effect  on  the  pupil  as  comes  within  the  limits  of  observa- 
tion. 

The  left  adrenal  in  this  dog  weighed  0.376  gram  and  contained 
0.24  mg.  of  epinephrin.  The  right  adrenal  weighed  0.360  gram 
and  contained  0.42  mg.  of  epinephrin.  The  difference  is  strik- 
ing, particularly  if  we  reflect  that  the  right  splanchnic  remained 
intact  much  longer  than  the  left,  and  according  to  Elliott,  ex- 
haustion of  the  epinephrin  store  proceeds  rapidly  in  an  anesthet- 
ized animal,  in  the  gland  whose  splanchnic  supply  has  not  been 
divided,  whereas  little  if  any  effect  is  produced  by  prolonged 
stimulation  of  the  cut  splanchnic  nerve.  Accordingly,  it  seems 
highly  probable  that  the  difference  in  the  epinephrin  content  of  the 
two  glands  in  this  experiment  represents  the  epinephrin  liberated 
by  the  vigorous  massage  of  the  left  adrenal,  or  a  portion  of  this 
difference.  The  great  dilatation  of  the  pupil  of  the  denervated 
eye  occasioned  by  this  massage  supports  the  idea  that  the  amount 
of  epinephrin  so  liberated  was  substantial. 

After  a  gland  has  failed  to  yield  an  eye  reaction  either  by 
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Stimulation  of  the  splanchnic  or  by  massage,  a  reaction  may 
agam  be  obtamed  from  it  after  a  period  of  rest.  But  so  far  as 
our  experiments  on  this  point  go,  the  power  to  respond  is  never 
so  great  as  at  first  and  is  soon  again  lost. 

RELATION  OF  THE  EPINEPHRIN  STORE  IN  THE  ADRENAL  TO  THE 
EPINEPHRIN  LIBERATED  BY  SPLANCHNIC  STIMULATION 

We  have  tried  to  determine  whether  there  is  any  relation  be- 
tween the  stock  of  epinephrin  in  an  adrenal  gland  and  the 
readiness  with  which  epinephrin  is  given  off  to  the  blood  (as 
tested,  for  example,  by  the  minunum  length  of  stimulation  of 
a  given  strength  which  will  yield  an  appreciable  reaction)  or 
the  total  amount  of  epinephrin  which  can  be  so  given  off  in 
response  to  splanchnic  stunulation  or  massage.    The  details  of 
our  observations  on  this  point  will  be  omitted  for  the  present. 
While,  as  has  been  already  mentioned,  good  eye  reactions  have 
been  seen  in  animals  whose  adrenals  at  the  end  of  the  experi- 
ment were  still  found  relatively  rich  in  epinephrin,  and  poor  eye 
reactions  in  animals  whose  adrenals  at  the  end  of  the  experiment 
contained  only  a  small  epinephrin  store,  we  have  also  seen  per- 
fectly good  reactions,  and  have  been  able  to  ehcit  them  frequently 
over  long  periods,  in  animals  whose  adrenals  when  finally  ex- 
cised were  found  poor  in  epinephrin.    It  does  not,  at  present 
at  any  rate,  appear  that  glands  with  a  relatively  low  epinephrin 
content  necessarily  give  a  poorer  response,  as  tested  by  the  eye 
reactions,  or  one  more  easily  exhausted,  than  glands  with  a 
relatively  high  content.    This  statement  is  based  merely  upon 
the  routine  examination  of  the  glands,  after  the  experiments  were 
finished,  by  the  method  of  Folin,  Cannon  and  Denis  (1).  The 
animals  had,  of  course,  been  anesthetized  for  a  considerable  time. 
The  epinephrin  content  may  therefore  be  assumed  to  have  been 
diminished  to  some  extent.    We  tried  in  one  case  to  bring  about 
a  high  degree  of  exhaustion  by  a  prolonged  period  of  "frighten- 
ing" a  cat  by  a  dog  just  before  the  experiment.    But  the  epi- 
nephrin content  was  found  to  be  fully  as  high  as  in  cats  in  which 
precautions  has  been  taken  to  reduce  their  emotional  disturbance 
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and  struggle  to  the  minimuin.  The  eye  reaction  to  stimulation 
of  the  splanchnic  was  quite  as  good,  and  could  be  obtained 
quite  as  often  without  exhaustion,  as  in  the  run  of  our  experi- 
ments. There  is  no  a  priori  reason  to  assume  that  the  epinephrin 
hberated  into  the  blood  in  response  to  stimulation  of  the  nerves 
must  necessarily  come  entirely  from  the  store  already  present 
in  the  glands.  If  it  does  come  entirely  from  this  store,  it  is  not 
easy  to  understand  Elliott's  result,  that  stimulation  of  the 
splanchnic  fails  to  cause  any  reduction  in  the  epinephrin  content 
of  the  corresponding  adrenal.  For  nothing  is  more  certain,  than 
that  epinephrin  is  given  off  into  the  adrenal  vein  blood  during 
such  stimulation.  While  it  may  be  true  that  we  cannot  definitely 
assay  this  quantity,  by  comparing  the  eye  response  evoked  by 
splanchnic  stirnulation  with  the  quantity  of  injected  adrenalin 
necessary  to  elicit  the  same  amount  of  response,  since  we  do  not 
know  for  certain  that  the  epinephrin  as  it  passes  into  the  circu- 
lation from  the  adrenals  is  quite  the  same  thing  as  the  adrenalin 
which  we  introduce  from  a  burette,  yet  there  is  no  doubt  that 
when  in  the  course  of  an  experiment  a  splanchnic  has  been  stimu- 
lated 15,  20  or  even  50  times,  each  time  evoking  a  definite  eye 
reaction,  a  total  amount  of  epinephrin  must  have  passed  from  the 
gland  large  enough  to  be  reflected  in  a  diminution  of  the  final 
content  of  that  gland,  unless  in  the  meantime  the  epinephrin 
store  was  being  recruited. 

In  a  cat,  which  had  received  urethane  the  day  before  the  ex- 
periment and  morphme  three  hours  before  the  experiment  and 
which  was  then  anaesthetized  with  urethane  and  ether,  a  very  low 
content  of  epinephrin  was  found  in  the  adrenals  at  the  end  of 
the  experiment  (see  condensed  protocol  in  table  8).  The  glands, 
it  is  true,  had  been  massaged  shortly  before  the  animal  was 
killed,  but  had  yielded  little  epinephrin  to  the  blood  as  judged 
by  the  eye  reaction  elicited  by  the  massage.  There  is  accordingly 
every  reason  to  believe  that  the  content  of  epinephrin  was  small 
throughout  the  whole  or  the  greater  part  of  the  experiment.  If 
the  maximal  dilatation  of  the  pupil,  not  only  that  of  the  highly 
sensitive  denervated  eye  but  the  other  also,  induced  by  the 
morphme  and  persisting  for  the  7^  hours  for  which  the  cat  was 
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observed,  was  maintained  by  epinephrin  from  the  adrenal  store 
It  IS  not  conceivable  that  at  any  time  after  observations  on  stimu- 
lation of  the  splanchnics  were  begun  the  store  could  have  been 
great.  Yet  such  reactions  as  were  still  available  (retraction  of 
the  nictitating  and  widening  of  the  aperture)  were  readily  and 
repeatedly  evoked  through  stimulation  of  the  peripheral  ends  of 
the  nerves.  There  is  no  doubt  that  many  more  successful  stimu- 
lations could  have  been  made.  On  the  assumption  that  each 
of  these  required  the  Uberation  of  an  amount  of  epinephrin  equal 
to  the  amount  of  adrenalin  which  had  to  be  artifically  introduced 
in  order  to  give  a  similar  reaction,  the  question  again  arises,  as  in 
the  experiment  given  in  table  7,  whether  the  whole  of  this  could 
possibly  have  come  from  the  stored  epinephrin,  or  whether 
epinephrin  liberated  in  response  to  splanchnic  stimulation  was 
formed  at  the  moment. 

In  another  cat,  a  young  animal  weighing  1.5  kg.,  the  left  splanchnic  • 
(in  the  thorax)  was  stimulated  52  times  in  the  course  of  4  hours.  No 
doubt  a  larger  number  of  successful  stimulations  could  have  been  ob- 
tained. The  amount  of  adrenalin  hydrochloride  which  had  to  be  in- 
jected into  the  femoral  vein  to  yield  a  reaction  equal  to  the  average 
in  the  splanchnic  observations  was  at  least  0.008  mg.  This  would  be 
equivalent  to,  say  0.4  mg.  for  the  total  number  of  reactions.  The  left 
splanchnic  had  been  cut  1|  hours  after  the  administration  of  urethane, 
the  right  37  minutes  later.  The  right  splanchnic  was  stimulated  only 
3  or  4  times,  always  with  a  positive  result.  The  last  stimulation  of  the 
right  splanchnic,  at  the  end  of  the  experiment  gave  as  good  a  reaction 
as  those  made  immediately  after  its  isolation,  Both  adrenals  were 
small.  The  right  weighed  0.104  gm,  and  contained  0.10  mg.  of  epi- 
nephrin. The  left  adrenal  weighed  0.097  gm.  and  contained  0.14  of 
epinephrin.  The  small  content  in  each  case  is  probably  due  to  the  ex- 
haustion of  the  store  under  the  anaesthesia  before  the  nerves  were 
divided.  The  right  gland,  whose  nerve  remained  longer  intact,  has 
naturally  a  somewhat  smaller  content. 

But  it  is  certainly  a  striking  fact  that  the  gland  which  had  lib- 
erated enough  epinephrin  to  cause  a  definite  eye  reaction  more 
than  fifty  times^  (an  effect  equal  to  that  produced  by  0.4  mg. 


•We  have  since  had  more  than  300  successful  stimulations  in  a  cat. 
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TABLE  8 


Condensed  protocol  of  experiment  on  a  cat  weighing  1.6  kg.  Left  superior  cervical 
ganglion  excised  four  days  previously.  On  the  day  before  the  experiment,  the 
animal  received  1  gram  urethane  and  was  allowed  to  recover. 


20  mg.  morphin  subcutaneously 

1  gram  urethane,  by  stomach  tube 
Etherized.    Both  splanchnics  ligated  in  thorax 

and  cut 

Left  splanchnic  stimulated  

Both  splanchnics  stimulated  10  seconds  

Both  splanchnics  stimulated  8.6  seconds  

Both  splanchnics  stimulated  (weaker  current) .... 
Both  splanchnics  stimulated  (weaker  current) .... 

2  CO.  adrenalin  (1:  100,000)  in  femoral' vein  

0.5  cc.  adrenalin  (1:  25,000)  

2  cc.  adrenalin  (1:  100,000)  

Both  splanchnics  stimulated  for  8  seconds  

2  cc.  adrenalin  (1 :  100,000)  

2  cc.  adrenalin  (1:  100,000)  (with  aorta  clamped  for 

10  seconds)  

0.5  cc.  adrenalin  (1:  25,000)  with  aorta  clamped 

for  10  seconds)  

0.5  cc.  adrenalin  (1:  25,000)  (with  aorta  clamped). 
0.5  cc.  adrenalin  (1:  25,000)  (with  aorta  clamped). 

Both  splanchnics  stimulated  for  9.2  seconds  

Both  splanchnics  stimulated  for  10  seconds  (with 

aorta  clamped)  

Both  splanchnics  stimulated  for  1  second  

Both  splanchnics  stimulated  for  0.5  second  

Both  splanchnics  stimulated  for  0.5  second  

Both  splanchnics  stimulated  for  1  second  


Both. splanchnics  stimulated  for  2  seconds. 


Both  splanchnics  stimulated  for  2  seconds  (with 

aorta  clamped)  

Both  splanchnics  stimulated  for  5  seconds  


Both  splanchnics  stimulated  for  5  seconds  (with 

aorta  clamped)  

Clamped  aorta  for  5  seconds;  then'  stimulated-' 

splanchnics  for  10  seconds  (with  aorta  clamped) 
Aorta  released  


BTE-BEACTION  AFTER 


»eeond» 


No  effect 
10.6 

8.6 

9.6 

8.0 

8.6 

8.4 

9.8 

8.0 

8.6 

10.8 


7.4 
6.8 
9.2 
9.2 
10.4 


(slow  re- 
traction) 


11.6 

No  effect 
No  effect 


14 

0 

(slow  re- 

traction) 

13 

0 

(slow  re- 

traction) 

14 

8 

(slow  re- 

traction) 

11 

2 

(good  re- 

traction) 

11 

8 

11. 

8 

15 

4 

(further  re- 

traction) 
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TIME 


5.07 


5.09 
5.13 

5.35 
5.43 
5.44 
5.48 
5.52 

5 . 56 


6.00 


6.01 
6.05 
6.10 
6.12 
.17  to 
6.27 
6.30 
6.31 
6.32 
6.33 
6.35 
6.36 

6.40 


Clamped  aorta  for  20  seconds;  then  stimulated 
splanchnics  for  5  seconds  (with  aorta'clamped) . . 

Aorta  released  after  35  seconds  

Splanchnics  stimulated  for  5  seconds  

Clamped  aorta  for  10  seconds;  then  stimulated 
splanchnics  for  5  seconds  

Clamped  inferior  cava  for  35  seconds  

Clamped  aorta  and  cava  for  30  seconds  

Stimulated  splanchnics  for  5  seconds  

Stimulated  splanchnics  for  10  seconds  

Clamped  aorta  and  stimulated  splanchnics  for  10 
seconds  •.  ■  ■■  

Clamped  cava;  then  stimulated  splanchnics  for  10 
seconds  

Released  cava  after  24  seconds  

Clamped  cava;  stimulated  splanchnics  for  10 
seconds. . .'  

Released  cava  after  23  seconds  

0.1  cc.  adrenalin  (1:  25,000)  

0.2  cc.  adrenalin  (1:  25,000)  with  aorta  clamped... 

0.1  cc.  adrenalin  (1:  25,000)  with  aorta  clamped... 

0.04  cc.  adrenalin  (1:  25,000)  

Stimulated  splanchnics  for  10  seconds  in  5  succes- 
sive observations  

Massaged  lightly,  left  adrenal  

Massaged  strongly,  left  adrenal  

Massaged  lightly,  both  adrenals  

Massaged  vigorously,  both  adrenals  

Stimulated  splanchnics  for  10  seconds  

0.2  cc.  adrenalin  (1:  25,000)  


EYE-HEACTION  AFTER 


Heart  still  beating  well,  experiment  stopped. 
Left  adrenal,  weight   0.121  gm.  epinephrin  0.07 
mg. 

Right  adrenal,  weight  0.124  gm.  epinephrm  0.07 
mg. 


seconds 

No  effect 
No  effect 
11.2 

8.6 

No  effect 
No  effect 
No  effect 
15.0  (slow) 

15.4 

No  effect 
12.4 

No  effect 
16.6 
16.6 
11.6 
9.8 

17 . 0  (very  slow) 

No  effect 
No  effect 
No  effect 
No  effect 
15.0  (slow)  . 
No  effect 
16.8  (good  re- 

•  traction) 


of  adrenalin)  should  still  have  contained,  if  anythmg,  more 
epinephrin  than  the  gland  which  had  only  liberated  enough  to 
cause  the  reaction  three  or  four  times.  It  does  not  seem  con- 
ceivable that  the  epinephrin  set  free  could  all  have  come  from  the 
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initial  store.  There  is  some  evidence  that  the  epinephrin  set 
free  by  massage  comes  from  the  store  in  the  adrenals,  but  that  is 
quite  a  different  thing. 

SUMMARY 

1.  It  is  shown  (on  cats  and  dogs)  that  the  response  of  the 
denervated  eye  to  stimulation  of  the  peripheral  end  of  the 
splanchnic  nerves,  is  due  solely  to  the  passage  of  a  substance  in 
the  blood  stream  from  the  adrenals  to  the  eyeball.  For 

(a)  When  the  venous  path  is  blocked  the  response  fails,  but 
appears  on  releasing  the  block,  and  at  the  same  interval  of  time 
as  when  the  vessels  are  free.  The  active  substance  must  there- 
fore have  accumulated  during  the  period  of  stimulation  of  the 
nerves  behind  the  block. 

(b)  When  the  heart  is  stopped  by  stimulation  of  the  peripheral 
end  of  the  vagus,  stimulation  of  the  splanchnics  produces  no 
effect  on  the  eye.  But  on  allowing  the  heart  to  beat  again,  the 
eye  response  occurs  at  approximately  the  same  time  from  the 
moment  of  reestablishment  of  the  circulation,  as  the  time  inter- 
val between  stimulation  of  the  splanchnics  and  the  response 
with  the  circulation  going  on  normally.  During  the  stoppage  of 
the  circulation,  by  complete  cardiac  inhibition,  accordingly,stimu- 
lation  of  the  splanchnics  must  have  caused  liberation  of  the  active 
substance  at  the  same  point  from  which  it  starts  when  the  splanch- 
nics are  stimulated  without  cardiac  inhibition. 

(c)  When  the  circulation  is  slowed  without  being  stopped,  as  by 
producing  partial  inhibition  of  the  heart  through  the  vagus  or 
by  hemorrhage,  the  interval  between  the  beginning  of  stimula- 
tion of  the  splanchnics  and  the  appearance  of  the  eye  response  is 
correspondingly  increased. 

(d)  It  is  possible  to  find  a  strength  and  duration  of  stimulation 
of  the  splanchnics  with  which  no  eye  response  will  be  obtained, 
when  the  ipsilateral  or  both  carotids  are  clamped,  but  which  will 
give  a  response  with  the  vessels  free.  With  longer  or  stronger 
stimulation,  a  response,  but  a  belated  one,  may  occur  even  with 
the  carotids  clamped.  The  abolition  of  the  response,  and  its 
retardation,  ca;i  be  imitated  when  appropriate  doses  of  adrenalin 
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are  injected  into  the  femoral  vein  with  the  carotids  clamped  or 
free. 

(e)  When  adrenalin  is  injected  into  the  left  renal  vein,  or  into 
the  central  end  of  the  femoral  vein,  in  suitable  amount  to  pro- 
duce an  eye  response  approximately  equal  to  that  produced  by  a 
given  stimulation  of  the  splanchnics,  the  interval  of  time  after 
which  the  response  follows  is  sensibly  the  same  for  adrenalin 
injection  as  for  splanchnic  stimulation. 

2.  When  the  aorta  is  clamped,  and  the  splanchnic  then  stimu- 
lated, a.  response  may  be  obtained  in  the  eye  while  the  clamp  is 
still  on,  or  only  after  its  removal,  or  both  during  the  application 
and  after  removal  of  the  clamp.  -There  is  some  variability  in  this 
regard  in  different  .experiments.  There  is  also  a  somewhat 
greater  variabiHty  in  the  time  interval  at  which  the  response  ap- 
pears, than  in  observations  in  which  the  splanchnics  are  stimu- 
lated with  the  vessels  free,  or  with  the  veins  clamped.  The 
interpretation  of  these  differences  is  discussed. 

3.  Circulation  time  measurements  show  that  there  is  always 
more  than  sufficient  time  for  a  substance  to  have  been  carried 
in  the  blood  from  the  adrenals  to  the  eye  before  the  appearance  of 
the  eye  reactions. 

4.  The  latent  period  of  liberation  of  epinephrin  from  the 
adrenals  on  stimulation  of  the  splanchnics  is  short  since  the  time 
interval  after  which  the  eye  response  occurs  is  sensibly  the 
same  whether  it  is  evoked  by  splanchnic  stimulation  or  by  the 
injection  at  the  level  of  the  adrenals  of  a  quantity  of  adrenaUn 
sufficient  to  elicit  a  response  similar  in  character  and  amount. 

5.  The  minimum  period  of  stimulation  of  the  splanchnics 
needed  to  liberate  sufficient  epinephrin  to  elicit  a  response  in  the 
denervated  eye  is  very  brief  (a  fraction  of  a  second).  With  a 
current  of  given  intensity  the  amount  of  the  response  increases 
up  to  a  certain  point  with  the  duration  of  the  stimulation. 

6.  Massage  of  one  or  both  adrenals  causes  definite  eye  response 
in  an  animal  in  which  stimulation  of  the  splanchnics  has  been 
causing  it,  and  at  the  same  interval  of  time.  When,  after  re- 
peated excitations  of  a  splanchnic  nerve,  the  reaction  on  the  eye 
ceases  to  be  obtained,  it  can  still  in  general  be  elicited  by  mas- 
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sage  of  the  corresponding  adrenal.  But  this  reaction  is  soon 
exhausted. 

7.  Good  eye  reactions  have  been  obtained  by  stimulation  ot  the 
splanchnics  in  cats,  in  which  attempts  were  made  before  the  ex- 
periment to  exhaust  the  epinephrin  store  of  the  adrenals,  for 
example,  by  frightening  or  by  administration  of  morphin.  It 
did  not  seem  that  it  was  easier  to  exhaust  the  capacity  of  the 
splanchnic  nerves  for  ehciting  these  reactions  in  such  animals, 
than  in  animals  which  were  guarded  as  much  as  possible  against 
preliminary  exhaustion  of  the  epinsphrin  store  by  psychical 
disturbances. 
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(Note  added  April  24,  1916.)  It  has  since  been  shown  by  two  of  us  (S.  &  R.) 
that  sufficient  epinephrin  is  liberated  from  the  adrenals  in  cats  (under  ether 
anaesthesia)  without  electrical  stimulation  of  the  splanchnics  to  give  a  definite 
eye  reaction.  The  experiment  is  done  by  clamping  the  inferior  cava  just  above 
the  iliac  veins  and  also  clamping  the  two  renal  veins,  then  stripping  the  cava 
gently  upwards  so  as  to  empty  it  of  blood  above  the  clamp  and  finally  clamp- 
ing it  above  the  adrenal  veins.  Small  branches  of  the  segment  of  cava  have 
been  previously  tied.  The  pocket  is  allowed  to  fill  with  blood  from  the  adre- 
nals. When  the  clamps  are  removed  the  eye  reactions  are  obtained  at  the  same 
time  interval  as  when  the  splanchnics  are  stimulated  with  the  vessels  free. 
After  division  of  the  splanchnics  (in  the  thorax)  the  blood  collected  in  the  pocket 
does  not  affect  the  eye  unless  the  splanchnics  are  stimulated. 


Reprinted  from  the  Proceedings  of  the  Society  for  Experimental  Biology  *nd  Medicine, 

1916,  xiii,  pp.  186-189. 
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The  liberation  of  epinephrin  from  the  adrenals. 

By  G.  N.  Stewart  and  J.  M.  Rogoff. 

[From  the  H.  K.  Gushing  Laboratory  of  Experimental  Medicine, 
Western  Reserve  University.] 

The  solution  of  the  question  of  the  liberation  of  epinephrin 
into  the  adrenal  veins  and  the  estimation  of  the  amount  so  liber- 
ated in  the  absence  of  artificial  stimulation  of  the  feplanchnics  are 
complicated  by  the  fact  that  after  withdrawal  of  blood  pressor 
substances  are  quickly  developed  in  it,  which  give  the  same  effect 
as  epinephrin  on  such  objects  as  the  vessels  of  a  frog's  legs.^  It  is 
therefore  desirable  to  demonstrate  the  fact  of  its  liberation  and  to 
assay  its  amount  without  the  necessity  of  withdrawing  blood. 
We  have  done  this  (in  the  cat)  by  means  of  the  denervated  eye 
reactions  (of  Meltzer),^  and  by  the  effect  on  the  blood  pressure 
curve. 

I.  For  the  eye  reactions  all  that  is  necessary  is  to  clamp  off 
temporarily  a  pocket  of  the  inferior  vena  cava  so  that  only  adrenal 
vein  blood  enters  it,  A  clamp  is  applied  just  above  the  iliac  veins. 
The  renal  veins  are  then  clamped  and  the  segment  of  cava  emptied 
of  blood  by  gently  stripping  it  upwards.  Finally  a  clamp  is  put  on 
the  cava  above  the  adrenal  veins.  Only  a  few  seconds  are  oc- 
cupied in  the  adjustment  of  these  clamps.  Small  branches  of 
the  segment  of  cava  have  been  previously  tied.  The  pocket  is 
allowed  to  fill  with  blood  from  the  adrenals.  When  the  clamps 
are  removed,  the  eye  reactions  are  elicited  at  practically  the  same 
time  interval  as  when  the  splanchnics  are  stimulated  with  the 
vessels  free. 

*  J.  of  Physiology,  19 11,  43,  p.  109. 

'  Cf .  Trendelenburg,  Archiv  f.  Exper.  Path.  u.  PharmakoL,  1915,  79,  p.  154. 

•  Experiments  on  the  liberation  of  epinephrin  by  stimulation  of  the  splanchnics; 
in  which  the  eye  reactions  were  used,  have  been  described  by  us  elsewhere.  Journal 
of  Pharmacology  and  Experimental  Therapeutics,  1916,  8,  p.  205. 
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After  section  of  both  splanchnics  (above  the  diaphragm) 
the  reactions  can  no  longer  be  obtained.  Section  of  the  splanch- 
nics has  therefore  greatly  diminished,  if  not  abolished,  the  libera- 
tion of  epinephrin.  This  is  not  due  to  the  low  blood  pressure 
caused  by  division  of  the  nerves.  For  if  only  the  right  splanchnic 
is  cut  there  is  little,  if  any,  fall  of  blood  pressure.  Nevertheless 
when  the  cava  pocket  is  closed  off  as  described,  and  in  addition  a 
clamp  is  put  on  the  left  adrenal  vein,  the  right  being  free,  no  eye 
reaction  is  elicited  on  allowing  the  pocket  to  empty  itself.  When 
the  experiment  is  repeated  with  the  left  adrenal  vein  free  the 
reaction  is  obtained,  although  of  course  less  strongly  than  with 
both  splanchnics  intact  and  both  adrenal  veins  open,  since  only 
half  the  amount  of  epinephrin  is  discharged. 

3.  To  demonstrate  the  effect  of  epinephrin  liberated  into  a 
cava  pocket  upon  the  blood  pressure  of  the  same  animal,  a  some- 
what different  procedure  must  be  adopted,  in  order  to  avoid  undue 
disturbance  of  the  blood  pressure  curve  on  forming  and  on  re- 
leasing the  pocket.  The  lower  end  of  the  cava  segment  is  tied 
permanently  after  previous  ligation  of  the  abdominal  aorta  and 
squeezing  of  blood  from  the  legs.  The  renal  arteries  and  veins 
are  also  tied.  When  the  eye  reactions  are  available  to  compare 
with  the  blood-pressure  curve  and  manipulation  of  the  intestines 
is  avoided  during  the  application  of  the  upper  clamp  to  the  cava 
segment,  it  is  not  always  necessary  that  the  circulation  through 
the  intestines  and  liver  should  be  interfered  with.  Even  when 
the  blood  pressure  curve  is  somewhat  irregular  the  rise  of  pres- 
sure caused  by  the  liberated  epinephrin,  occurring  at  a  definite 
interval  after  release  of  the  pocket,  can  be  identified  by  the  fact 
that  the  eye  reaction  also  commences  at  or  about  this  moment. 
However,  to  further  strengthen  the  evidence  we  have  made  experi- 
ments in  which  the  ceUac  and  superior  mesenteric  arteries  are  first 
tied  off,  then  the  renal  arteries,  and  then  the  abdominal  aorta  just 
below  the  kidneys.  As  much  blood  as  possible  is  got  into  the 
anterior  end  of  the  animal,  and  then  the  inferior  cava  is  tied  above 
the  iliacs.  The  renal  veins  are  then  ligated,  and  the  cava  pocket 
now  represents  only  a  blind  pouch  upon  the  circulation,  the  filling 
of  which  from  the  adrenal  veins,  or  the  emptying  of  which  after 
removal  of  the  upper  clamp  produces  relatively  little  mechanical 


Liberation  of  Epinephrin. 


3 


effect  upon  the  blood  pressure.  The  lower  end  of  the  animal  is 
kept  raised  throughout  the  experiment.  This  facilitates  emptying 
of  the  pocket  without  manipulation. 

4.  In  different  experiments  we  have  assayed,  by  the  injection 
of  known  quantities  of  adrenalin,  the  amount  of  epinephrin 
liberated  without  artificial  stimulation  of  the  splanchnics,  under 
our  experimental  conditions  (narcosis  with  urethane  alone,  and 
with  urethane  supplemented  with  ether).  For  example,  in  one 
experiment  we  found  0.0005  mg.  and  in  another  0.0009  mg.  per  kg. 
of  animal,  per  minute.  When  the  pocket  is  allowed  to  fill  during 
stimulation  of  the  splanchnics,  with  intervals  of  rest,  the  effect 
on  release  is  distinctly  greater  than  when  it  is  allowed  to  fill  for 
the  same  time  without  artificial  stimulation  of  the  nerves. 

5.  We  have  endeavored  to  measure  the  amount  of  blood 
collected  in  the  pocket,  without  bringing  it  into  contact  with  any 
foreign  substance,  in  the  following  way :  One  of  the  iliac  veins  is 
tied  near  its  distal  end  and  the  other  near  the  cava.  Both  iliacs 
are  then  divided  distal  to  the  ligatures.  By  means  of  the  ligature 
on  the  first  iliac  it  is  suspended  vertically,  while  the  greater  part 
of  the  cava  segment  lies  undisturbed.  The  iliac  vein  thus  serves 
as  the  neck  of  a  measuring  flask,  so  to  say,  the  body  of  which  is 
composed  of  the  cava  segment.  It  is  not  difficult  to  determine 
the  moment  when  the  blood,  entering  the  pocket  practically 
without  resistance,  the  walls  of  the  vein  being  scarcely  at  all 
distended  so  long  as  the  vertical  portion  of  the  pocket  is  empty, 
just  reaches  the  proximal  end  of  the  iliac.  If  undue  exposure  of 
the  vein  is  prevented,  a  comparison  of  the  flow  from  the  adrenals 
in  successive  observations  is  made  possible  by  noting  the  intervals 
of  time  necessary  for  the  pocket  to  fill  up  to  this  point.  The 
quantity  of  blood  required  to  fill  the  pocket  can  be  determined 
once  for  all  in  each  animal.  The  vertical  position  of  a  portion  of 
the  pocket  helps  to  empty  it  without  manipulation  when  the 
clamp  is  removed. 

6.  The  sensitiveness  of  the  eye-reactions  to  epinephrin  dis- 
charged from  the  adrenals,  for  example  in  response  to  stimulation 
of  the  splanchnics,  can  be  increased  notably  by  temporarily  clamp- 
ing off  alternative  arterial  paths.  This  must  be  done  at  such  an 
interval  of  time  after  the  beginning  of  stimulation  as  is  not  more 
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than  sufficient  to  allow  the  epinephrin  to  reach  the  beginning 
of  the  aorta.  A  larger  proportion  of  the  blood  containing  the 
epinephrin  is  thus  forced  to  take  the  path  to  the  eye  whose  re- 
actions are  being  studied.  If,  for  instance,  the  left  iris  is  the 
denervated  one,  clamping  at  the  proper  moment  of  the  thoracic 
aorta  and  the  innominate  markedly  increases  the  reaction.  It  can 
be  further  increased  by  tying  off  all  accessible  branches  of  the  left 
carotid  except  those  through  which  the  eye  must  obtain  its  blood 
supply. 


Reprinted  from  The  Jouunal  of  Phahmacolooy  and  Experimental  Theeapeutics 
Vol.  VIII,  No.  9,  September.  1916 


THE  SPONTANEOUS  LIBERATION  OF  EPINEPHRIN 
FROM  THE  ADRENALS^ 

G.  N.  STEWART  and  J.  M.  ROGOFF 

From  the  H.  K.  Gushing  Laboratory  of  Experimental  Medicine,  Western  Reserve 

University,  Cleveland 

Received  for  publication,  July  26,  1916 

It  has  been  stated  by  various  writers  that  epinephrin  is  liber- 
ated from  the  adrenals  under  experimental  conditions  in  the 
absence  of  artificial  stimulation  of  the  splanchnics  and  that  the 
hberation  is  dependent  upon  the  integrity  of  these  nerves.  This 
Hberation  may  be  conveniently  designated  as  spontaneous, 
without  implying  that  it  is  necessarily  a  physiological  process 
and  not  excited  merely  by  the  abnormal  sensory  stimulation, 
the  anesthesia  and  other  factors  connected  with  the  experiment. 

Tscheboksaroff  (1)  injected  blood  collected  from  the  adrenals 
of  dogs  after  defibrination  into  small  dogs  and  determined  the 
effect  on  the  blood  pressure  of  blood  obtained  during  stimula- 
tion of  the  major  splanchnic  with  that  of  blood  collected  in  the 
absence  of  stimulation  and  with  the  effect  of  blood  obtained 
after  section  of  both  splanchnics.  He  concluded  that  section 
of  the  splanchnics  causes  distinct  diminution  of  the  adrenalin 
secretion. 

O'Connor  (2)  using  the  Laewen  perfusion  preparation  (frog's 
legs),  states  that  citrate  plasma  collected  from  the  adrenals 
in  rabbits  with  the  splanchnics  intact  has  a  decidedly  greater 
constrictor  effect  than  plasma  collected  after  section  of  the 
splanchnics. 

The  observations  of  Trendelenburg  (3)  on  the  extreme  rapidity 
with  which  a  pressor  action  is  developed  in  shed  blood  have 
shown  how  difficult  it  is  to  be  (*rtain  that  the  vasoconstriction 

1  A  preliminary  note  was  published  in  the  Proceedings  of  the  Society  for 
Experimental  Biology  and  Medicine,  May  24,  1916. 
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caused  in  the  Laewen  preparation  by  a  given  plasma  is  due  to 
epinephrin.  He  finds  that  the  pressor  action  is  so  quickly  de- 
veloped in  blood  on  being  drawn  that  citrate  plasma  cannot  be 
used.  For  in  the  time  required  to  centrifuge  the  blood  consider- 
able quantities  of  the  vasoconstrictor  substances  are  formed. 
Even  entire  citrate  blood  is  already  not  fresh  enough  in  a  frac- 
tion of  a  minute  after  withdrawal. 

In  the  present  position  of  the  question  whether  epinephrin 
is  normally,  or  at  least  under  experimental  conditions,  given  off 
to  the  blood  by  the  adrenals  in  the  absence  of  artificial  splanch- 
nic stimulation,  it  seemed  desirable  to  try  methods  less  open 
to  objection,  especially  so  far  as  the  determination  of  the  amount 
of  epinephrin  liberated  is  concerned.  As  regards  the  further 
question  whether  after  section  of  the  splanchnics  the  discharge 
is  completely  abolished  or  only  diminished,  we  do  not  see  how 
it  is  possible  to  answer  it  by  the  aid  of  methods  which  permit 
the  development  of  the  pressor  substances  in  the  shed  blood 
and  depend  upon  vasoconstrictor  reactions  of  the  test  objects. 

We  have  endeavored  to  overcome  this  difficulty  by  using  a 
method  which  does  not  require  withdrawal  of  the  blood  to  be 
tested,  namely,  collection  of  adrenal  vein  blood  in  a  pocket  of 
.vena  cava,  which  is  then  released.  The  presence  of  epinephrin 
in  the  blood  is  deduced  from  its  action  upon  the  denervated 
iris  or  nictitating  membrane,  and  upon  the  blood  pressure  of 
the  same  animal.  The  identification  of  the  change  in  the  blood 
pressure  curve  produced  by  epinephrin  is  greatly  assisted. by 
simultaneous  observation  of  the  eye  reactions.  The  amount 
of  epinephrin  liberated  can  be  estimated  by  imitating  the  effect 
on  the  blood  pressure  curve  by  the  injection  of  appropriate 
amounts  of  adrenalin  in  salt  solution. 

TECHNIQUE 

Cats  were  employed  in  the  great  majority  of  the  experiments.  A 
few  dogs  were  used  for  special  points. 

The  cava  pocket.  Where  the  ey^  reactions  are  used  alone  the  cava 
pocket  need  not  be  permanent.  For  certain  purposes  the  temporary 
closing  off  of  the  pocket  for  a  minute  or  two  at  a  time  is  all  that  is 


LIBERATION  OF  EPINEPHRIN  FROM  THE  ADRENALS 


necessary,  and  in  the  interval  the  circulation  proceeds  practically  in 
the  normal  way.  A  clamp  is  applied  just  above  the  iliac  veins.  The 
renal  veins  are  then  clamped  and  the  segment  of  cava  emptied  of  blood 
by  gently  stripping  it  upwards.  Finally  a  clamp  is  put  on  the  cava 
above  the  adrenal  veins.  Only  a  few  seconds  are  occupied  in  the  ad- 
justment of  these  clamps.  Small  veins  entering  the  cava  segment 
have  been  previously  tied.  When  the  pocket  is  temporarily  clamped 
off  there  follows  a  gradual  dilatation  of  both  pupils.  On  release  of 
the  pocket  the  epinephrin  dilatation  is  easily  seen  in  spite  of  the  ini- 
tial dilatation.  But  one  advantage  of  the  permanent  pocket  is  that 
no  change  occurs  in  the  pupil  on  clipping  off  the  pocket. 

When  the  blood  pressure  is  studied  as  well  as  the  eye  reactions,  the 
removal  of  the  clamps  from  the  temporary  cava  pocket  generally 
produces  too  great  a  disturbance  of  the  curve.  A  permanent  pocket 
is  therefore  formed  in  the  following  way: 

The  coeliac  and  mesenteric  arteries  are  first  tied,  then  the  abdomi- 
nal aorta  at  the  level  of  the  kidneys.  All  small  veins  entering  the 
cava  segment  are  now  ligated.  Then  the  renal  and  lumbar  veins  are 
ligated.  Meanwhile  the  blood  has  been  draining  out  of  the  intestines 
and  the  hind  legs.  The  legs  are  massaged  so  as  to  expel  as  much  of 
the  remaining  blood  as  possible  and  a  ligature  is  placed  upon  the  in- 
ferior cava  just  above  the  junction  of  the  iliac  veins.  The  blood  pres- 
sure is  now  high,  and  the  animal  usually  lives  a  long  time.  It  is  kept 
very  warm  on  a  hot  table,  and  the  lower  end  is  elevated  so  as  to  facili- 
tate emptying  of  the  cava  pocket  without  manipulation.  In  some 
experiments  the  portal  vein  was  tied,  in  addition,  after  the  blood  had 
well  drained  from  the  intestines.  The  only  reason  for  tying  the  por- 
tal is  to  make  sure  that  the  necessary  manipulation  in  adjusting  the 
clamp  on  the  upper  end  of  the  cava  segment  does  not  mechanically 
squeeze  so  much  blood  from  the  liver  as  to  disturb  the  curve.  In  the 
great  majority  of  experiments  it  was  not  found  necessary  or  advan- 
tageous to  tie  the  portal.  The  cava  pocket  thus  formed  represents 
only  a  blind  pouch  upon  the  circulation,  the  filling  of  which  from  the 
adrenal  veins  or  the  emptying  of  which  after  the  removal  of  the  upper 
clamp  produces  very  little  mechanical  effect  upon  the  blood  pressure. 
In  order  to  facilitate  the  application  of  the  clamp  a  thick  soft  thread 
is  tied  in  a  loose  loop  around  the  cava  above  the  level  of  the  right 
adrenal.  For  certain  purposes  it  is  advantageous  not  to  tie  off  the 
intestinal  vessels,  and  by  taking  precautions  against  manipulation  of 
the  intestines  during  formation  and  release  of  the  pocket,  sufficiently 


482 


G.  N.  STEWART  AND  J.  M.  ROGOFF 


smooth  blood  pressure  curves  can  be  obtained  without  interrupting 
the  circulation  in  the  digestive  tract.  It  is  to  be  supposed  that  in 
investigations  concerned  with  the  study  of  the  precursors  of  epinephrin 
or  of  the  mutual  influence  of  the  adrenals  and  other  abdominal  organs, 
it  would  be  advantageous  to  form  the  pocket  in  this  manner.  Where 
the  eye  reactions  are  alone  being  studied  there  is  as  already  indicated 
no  necessity  for  crippling  any  part  of  the  splanchnic  area.  We  have 
studied  in  a  few  animals  the  eye  reactions  only,  in  others  only  the 
blood  pressure,  but  in  the  great  majority  both  eye  reactions  and  blood 
pressure. 

Method  of  measuring  the  rate  of  inflow  of  blood  into  the  pocket.  While 
it  is  not  necessary  to  know  the  quantity  of  blood  entering  the  pocket 
in  a  given  time  to  determine  the  amount  of  epinephrin  given  off  in 
that  time  it  is  often  desirable  to  estimate  the  concentration  of  the 
epinephrin  in  the  blood.  For  this  the  rate  of  inflow  must  be  obtained. 
This  can  be  done,  of  course,  by  allowing  blood  to  escape  from  the 
pocket  as,  for  example,  through  a  cannula  in  the  left  renal  vein,  and 
collecting  the  blood  for  a  given  tune.  Where  only  one  or  two  observa- 
tions of  the  rate  of  flow  are  required  throughout  the  experiment  this 
method  suffices.  To  facilitate  measuring  the  flow  an  indefinite  num- 
ber of  times  with  approximate  accuracy  and  without  permitting  the 
blood  to  escape  or  to  come  into  contact  with  any  foreign  body,  we  have 
devised  the  following  method :  One  of  the  iliac  veins  is  tied  near  .its 
distal  end  and  the  other  near  the  cava.  Both  iliacs  are  then  divided 
distal  to  the  ligatures.  By  means  of  the  ligature  on  the  first  iliac  it  is 
suspended  vertically  while  the  greater  part  of  the  cava  segment  lies 
undisturbed.  The  iliac  vein  thus  serves  as  the  neck  of  a  measuring 
flask,  so  to  say,  the  body  of  which  is  composed  of  the  cava  segment. 
It  is  not  difficult  to  determine  the  moment  when  the  blood  entering 
the  pocket  practically  without  resistance,  the  walls  of  the  vein  being 
scarcely  at  all  distended  so  long  as  the  vertical  portion  of  the  pocket 
is  empty,  just  reaches  the  proximal  end  of  the  iliac.  The  more  rapid 
mounting  of  the  blood  in  the  relatively  narrow  iliac  vein  is  easily  seen. 
As  the  distal  part  of  the  cava  segment  is  itself  considerably  narrower 
than  the  proximal,  a  fairly  sharp  reading  can  also  be  obtained  by  sus- 
pending the  pocket  without  using  the  iliac  vein.  If  undue  exposure 
of  the  vein  is  prevented,  a  comparison  of  the  flow  from  the  adrenals 
in  successive  observations  is  made  possible  by  comparing  the  inter- 
vals of  time  necessary  for  the  pocket  to  fill  up  to  this  point.  The  quan- 
tity of  blood  required  to  fill  the  pocket  can  be  determined  once  for  all 
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in  each  animal.  The  vertical  position  of  a  portion  of  the  pocket  helps 
to  empty  it  without  manipulation  when  the  clamp  is  removed. 

TABLE  1 

Cat  61.    Weight,  2.U  kg.    Urethane.    Cava  pocket  suspended  io  estimate  time 

of  filling 


NO.  OP  OBSERVATION 

TIME 

TIME  OF  PILLING  OP 
POCKET  IN  SECONDS 

BLOOD  PRESSnBE  IN  MM. 

11-12 

3.50 

18 

42 

14 

19 

38 

15 

23 

40 

16 

22 

40 

17 

20 

38 

4.30  Circula 

tion  was  now  muc 

h  worse,  the  heart 

aim 

ost  stopped. 

25 

101 

24 

26 

108 

22 

27 

125 

20 

Now  filled  the  pocket  to  the  given  level  with  Ringer's  solution.  In  four  suc- 
cessive observations  the  following  quantities  were  required  to  fill  the  pocket: 
0.4  CO.,  0.35  CO.,  0.4  cc,  and  0.35  cc. 

Left  adrenal  weighed  0.226  gram,  and. contained  0.20  mgm.  epinephrin. 

Right  adrenal  weighed  0.224  gram,  and  contained  0.19  mgm.  epinephrin. 


TABLE  2 


Cat  152.    Weight,  1.85  kg.    Urethane.    Pocket  suspended  as  described  in  technique. 
Cannula  inserted  in  the  left  renal  vein 


NO.  OP  OBSERVATION 

TIME  OP  FILLING  OP 
POCKET  IN  SECONDS 

BLOOD  PRESSURE  IN  MM. 

RISE  OF  BLOOD 
PRESSURE 

7nm, 

4 

45 

70 

8 

5 

48 

66 

7 

6 

45  with  asphyxia 

64 

7-8 

7 

50  with  asphyxia 

56 

11 

45 

50 

12 

47 

50 

13 

55 

45 

14 

58 

45 

15  . 

53 

45 

Pocket  was  now  allowed  to  fill  to  the  given  level,  tied  oflF  and  the  blood 
determmed  by  weighmg.    It  amounted  to  0.580  gram. 
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Interpretation  of  the  blood  pressure  tracings.    When  eye  reactions 
are  available  they  are  of  great  use  in  confirming  the  interpretation  of 
a  given  rise  in  the  blood  pressure  curve  as  an  epinephrin  rise.    Of  course 
where  the  blood  pressure  curve  remains  practically  horizontal  during 
the  period  of  closure  of  the  pocket  a  definite  rise  in  the  curve,  commenc- 
ing at  a  time  interval  after  release  of  such  a  magnitude  as  is  known  to 
be  associated  with  epinephrin  reactions,  can  easily  be  identified  as 
an  epinephrin  rise  without  simultaneous  eye  reactions.    It  is  in  the 
more  irregular  curves  that  the  eye  reactions  are  particularly  valuable. 
As  a  rule,  it  is  found  that  when  the  blood  pressure  is  relatively  low 
the  closing  off  of  the  pocket  produces  little,  if  any,  change  in  the  height 
of  the  curve,  and  therefore  the  epinephrin  rise  subsequent  to  the  open- 
ing of  the  pocket  starts  from  a  practically  horizontal  curve  (see  figs. 
5,  6,  14).    As  already  mentioned,  even  without  eye  reactions  the  blood 
pressure  curve  then  gives  perfectly  definite  proof  of  the  liberation  of 
epinephrin,  although  with  low  blood  pressure  the  epinephrin  rise  is 
apt  to  be  smaller  for  a  given  time  of  filling  of  the  pocket  than  with  a 
high  blood  pressure,  since  the  quantity  of  blood  collected  is  less.  When 
the  blood  pressure  is  high  the  closing  off  of  the  pocket  is  usually  ac- 
companied by  a  more  or  less  gradual  drop  of  pressure,  succeeded  on 
opening  the  pocket  by  an  immediate  and  abrupt  rise.    This  initial 
rise  is  then  followed  at  the  interval  appropriate  to  the  epinephrin  re- 
action by  another  rise  (see  fig.  10).    The  difference  in  the  character 
of  the  curve  associated  purely  with  differences  in  the  initial  blood  pres- 
sure at  the  time  of  closure  of  the  pocket  are  well  illustrated  in  figures 
1  and  2.    In  observation  1,  figure  1,  with  a  blood  pressure  of  30  mm., 
the  curve  falls  very  little  during  period  of  closure  of  the  pocket  and 
remains  horizontal  after  opening.    In  this  animal  spontaneous  hbera- 
tion  of  epinephrin  was  not  taking  place  since  one  adrenal  had  been 
removed  and  the  splanchnic  supply  of  the  other  cut.    In  figure  2, 
observation  5,  the  initial  blood  pressure  had  been  increased  to  80  mm. 
by  clipping  off  arteries.    On  closing  the  pocket,  the  curve  falls  dis- 
tinctly.   When  it  is  opened  there  is  an  instantaneous  abrupt  rise, 
succeeded  by  a  gradual  small  rise  which  brings  the  curve  back  to  the 
initial  level.    No  eye  reactions  whatever  were  ehcited  on  opening  the 
pocket,  and  the  slight  gradual  rise  does  not  present  the  characteristic 
features  of  an  epinephrin  rise. 

In  the  absence  of  simultaneously  elicited  eye  reactions  the  question 
might  sometimes  be  puzzling  to  a  novice  in  such  observations,  whether 
the  epinephrin  rise  was  not  merely  a  continuation  of  the  recovery  of 
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the  original  pressure  diminished  by  the  closing  off  of  the  pocket.  The 
epLephrin  rL,  however,  by  its  character  and  time  relations  is,  when 
af  a  l  considerlble,  practically  always  capable  of  being  discnmma  ed 
Ih  certainty  from  other  elevations  which  might  be  present  -  t^ 
curve  even  when  the  blood  pressure  curve  shows  a  good  deal  of  irregu- 


FiG.  1.  Cat  81 

/,  Pocket,  showing  no  liberation  of  epinephrin  by  the  left  adrenal  whose 
splanchnic  supply  had  been  cut  five  weeks  previously,  and  the  right  adrenal 
excised.  S,  pocket  experiment  showing  the  same  thing,  but  with  a  higher  blood 
pressure,  produced  by  clipping  the  abdominal  aorta.  In  observation  1,  as 
is  generally  seen  with  low  blood  pressure,  the  curve  is  less  disturbed  by  closing 
and  releasing  the  pocket  than  with  a  high  blood  pressure.  In  all  the  figures 
the  time  trace  gives  half  minute  intervals.  The  line  of  zero  pressure  is  the  upper 
signal  line  unless  otherwise  indicated. 


larity,  and  in  the  absence  of  eye  reactions.  It  is  self  evident  that  it 
is  not  possible  to  assay  the  amount  of  epinephrin  liberated  as  accu- 
rately with  an  irregular  pressure  curve  as  with  a  regular  one.  And  while 
extremely  slight  epinephrin  rises  can  be  surely  distinguished  when 
eye  reactions  are  also  available,  a  very  small  rise  cannot  in  the  absence 
of  an  eye  reaction  be  taken  as  evidence  of  liberation  of  epinephrin, 
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unless  as  already  stated  the  blood  pressure  curve  remains  practicaUy 
horizontal  during  the  period  of  closure  of  the  pocket. 

The  epinephrin  rise  is  very  often  preceded  by  a  slight  fall  of  pressure. 
When  this  is  the  case  the  pupil  reaction  commences  synchronously 


Fig.  2.    Cat  81 

Animal  prepared  by  excision  of  right  adrenal  and  section  of  nerves  of  left. 
The  tracings  illustrate  the  changes  produced  in  the  blood  pressure  curve  by  re- 
leasing the  cava  pocket  when  no  epinephrin  effect  is  present.  Such  changes 
can  be  easily  discriminated  from  the  effects  produced  by  epinephrin.  5,  pocket 
with  left  adrenal  vein  free.  Blood  pressure  was  higher  than  in  observation  3, 
figure  1,  and  the  effect  of  opening  the  pocket  is  correspondingly  greater.  7, 
pocket  with  left  adrenal  vein  clipped  at  6.  On  releasing  the  pocket  the  usual 
immediate  small  rise  in  the  blood  pressure  occurred.  It  is  less  pronounced  than 
at  5,  as  the  amount  of  blood  in  the  pocket  was  less.  Some  blood  found  its  way 
into  the  pocket  in  spite  of  the  absence  of  the  right  adrenal,  possibly  through 
leakage  past  the  lower  cava  clip.  At  8,  the  clip  was  removed  from  the  left  ad- 
renal and  no  epinephrin  rise  occurred.  The  line  of  zero  pressure  has  been  moved 
up  25  mm. 

with  the  beginning  of  the  fall  (figs.  15  to  18).  Elliott  (5)  states  that 
the  curve  of  blood  pressure  when  the  splanchnics  are  stimulated  (the 
circulation  in  the  splanchnic  area  not  having  been  interfered  with) 
shows  a  characteristic  drop  succeeding  the  immediate  rise,  "the  cusp 
of  the  curve  being  always  placed  at  the  same  time  interval  from  the 
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beginning  of  the  rise.  The  instant  of  the  turn  is  that  very  moment 
when  the  nictitating  membrane  and  the  other  structures  of  the  de- 
nervated  eye  first  move.  The  drop  is  paradoxically  due  to  the  libera- 
tion of  adrenalin  into  the  blood."  In  our  observations  with  the  cava 
pocket  the  same  characteristic  can  often  be  noted  and  it  undoubtedly 
affords  a  criterion  of  the  beginning  of  the  action  of  the  spontaneously 
liberated  epinephrin.  When  the  blood  pressure  is  low  this  preliminary 
drop  is  apt  to  be  less  marked  (figs.  3,  4  and  14)  than  with  a  high  blood 
pressure,  or  it_may  be  absent  (fig.  8).    (Compare  tables  11  and  12). 


Fig.  3.    Cat  116 

12,  Pocket  experiment  with  stimulation  of  right  splanchnic  in  abdomen  after 
section  of  both  splanchnic^.  Stimulation  begun  at  the  point  indicated  on  signal 
line  a  short  time  after  closure  of  the  pocket.  Good  rise  of  pressure  after  open- 
ing the  pocket  due  to  epinephrin.  18  and  19,  adrenalin  injections  to  assay  the 
amount  of  epinephrin  liberated  at  12.  18,  0.3  cc.  of  adrenalin  (1:  150,000).  19, 
0.2  cc.  of  the  same  solution.    Reduced  to  f . 

The  method,  of  course,  permits  the  demonstration  that  epinephrin 
is  liberated  and  the  assay  of  its  amount  not  only  when  the  epinephrin 
is  spontaneously  discharged  but  also  when  it  is  set  free  in  response  to 
artificial  stimulation  of  the  splanchnics.  In  the  latter  case  the  quan- 
tity of  epinephrin  collected  in  the  pocket  being  greater,  the  reaction 
obtained  on  release  is  also  greater,  so  that  a  much  more  striking  de- 
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monstration  of  the  liberation  of  epinephrin  by  splanchnic  stimulation 
is  obtainable  than  in  Asher's  experiments  (4)  (see  figs.  3  and  4).  A 
smaller  output  of  epinephrin  can  be  detected  and  assayed  in  this  way, 
than  when  the  splanchnics  are  stimulated  with  the  cava  open.  The 
experiment  can  also  be  made  under  more  physiological  conditions  than 
with  Asher's  technique  since,  as  already  stated,  it  is  not  absolutely 
necessary  for  the  pocket  experiments  to  tie  off  the  intestines;  and  the 
disturbance  of  blood  pressure  curve  by  the  splanchnic  stimulation  is 
allowed  to  disappear  before  the  pocket  is  opened.  Certain  other 
technical  details  may  be  mentioned  here: 

Increasing  the  eye  reaction  by  clamping  alternative  arterial  paths.  The 
sensitiveness  of  the  eye-reactions  to  injected  adrenalin  or  to  epineph- 
rin discharged  from  the  adrenals,  for  example,  in  response  to  stimu- 


FiG.  4.    Cat  116 

20,  pocket  experimeit  with  stimulation  of  right  splanchnic  in  abdomen  after 
section  of  both  splanchnics  21 ,  repetition  of  20,  but  with  a  shorter  time  of  stim- 
ulation. The  epinephrin  rise  after  20  is  considerably  greater  than  after  21. 
f  reduction. 

lation  of  the  splanchnics,  can  be  increased  notably  by  temporarily 
clamping  off  alternative  arterial  paths.  This  must  be  done  at  such 
an  interval  of  time  after  the  beginning  of  stimulation  as  is  not  more 
than  sufficient  to  allow  the  epinephrin  to  reach  the  beginning  of  the 
aorta.  A  larger  proportion  of  the  blood  containing  the  epinephrin 
is  thus  forced  to  take  the  path  to  the  eye  whose  reactions  are  being 
studied.  If,  for  instance,  the  left  iris  is  the  denervated  one,  clamping 
at  the  proper  moment  of  the  thoracic  aorta  and  the  innominate  markedly 
increases  the  reaction.  It  can  be  further  increased  by  tying  off  all 
accessible  branches  of  the  left  carotid  except  those  through  which  the 
eye  must  obtain  its  blood  supply.  The  best  demonstration  of  the  in- 
creased effect  on  the  eye  of  epinephrin  discharged  in  response  to  splan- 
chnic stimulation  is  obtained  when  the  discharge  is  caused  by  a  strong 
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Stimulus  lasting  only  a  second  or  two.  All  this  refers  to  the  cat.  In 
larger  animals  with  a  longer  cirulation  time  longer  periods  of  stimula- 
tion could  be  employed.  For,  to  intercept  the  first  of  the  epmephrm, 
the  arteries  must  be  clipped  in  cats  with  a  good  circulation  three  or 
four  seconds  after  the  beginning  of  stimulation,  and  the  clippmg  of 
the  thoracic  aorta,  of  course,  interferes  with  the  washing  out  of  epi- 
nephrin  already  liberated  into  the  adrenal  capillaries. 

It  will  be  seen  that  except  for  the  very  small  doses  of  adrenalin  in- 
jected there  is  always  a  better  reaction  when  alternative  paths  are 
clamped.  Although  there  can  be  no  doubt  that  the  total  quantity  of 
adrenalin  offered  to  the  sensitive  structures  influences  the  amount  of 
the  reaction  in  an  important  degree,  it  may  be  assumed  that  the  con- 
centration is  also  important.  Accordingly,  below  a  certain  concentra- 
tion no  increase  might  be  expected  in  the  reaction  by  increasing  the 
amount  of  adrenalin-containing  blood  going  through  the  eye. 

The  quantity  of  epinephrin  which  can  reach  the  eye  when  a  reac- 
tion is  evoked  by  stimulating  a  splanchnic  nerve,  with  all  the  vessels 
free,  is  so  extraordinarily  small  that  the  suggestion  is  obvious  that  it 
might  be  possible  to  use  the  reaction  as  a  test  for  epinephrin  in  extrane- 
ous liquids  in  which  the  concentration  can  only  be  very  low.  To  do 
this  it  would  be  necessary  to  inject  as  near  the  eye  as  possible.  A  few 
experiments  were  made  on  this  point. 

Thus,  in  a  dog  weighing  13.8  kg.,  whose  left  superior  cervical  ganglion 
had  been  excised  24  days  previously,  injection  of  an  adrenalin  solu- 
tion into  the  central  end  of  the  left  superior  thyroid  artery  caused 
retraction  of  the  nictitating  membrane  in  5.6  seconds  from  beginning 
of  injection.  The  same  quantity  of  adrenalin  solution  injected  into 
the  central  end  of  a  femoral  vein  was  followed  by  retraction  of  the 
nictitating  in  12.4  seconds.  In  the  cat,  results  on  which  are  given  in 
table  4,  injection  of  1  cc.  of  a  1:150,000  solution  of  adrenalin  into  a 
femoral  vein  caused  moderate  dilation  of  the  pupil  and  retraction  of 
the  nictitating  in  11.2  seconds.  Injection  of  0.5  cc.  of  the  same  solu- 
tion by  means  of  a  syringe  into  the  central  end  of  the  left  carotid  gave 
maximal  dilatation  of  the  pupil  in  2.5  seconds.  The  heart  stopped 
completely  but  was  re-started  by  massage.  The  dilatation  of  the  left 
pupil  was  very  persistent.  Subsequent  injection  of  1  cc.  of  1:  700,000 
adrenalin  into  the  carotid  gave  a  maximal  effect  on  the  pupil  in  1  second, 
while  the  same  amount  injected  into  the  femoral  vein  caused  move- 
ment of  the  nictitating  in  16  seconds  without  pupil  reaction,  the  pupil 
already  being  dilated  to  some  extent.    0.5  cc.  of  the  same  solution 
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TABLE  3 

Condensed  vrotocol  of  exverimenl  on  Cat  19.    Weight  2.U  kg.    Left  superior  cervi- 
calganghon  exercised  8  days  before.    Urethane.    Adrenalin  injected  into 

femoral  vein 


0.3  cc.  (1  :  430,000)  

0.3  cc.  (1  :  430,000),  aorta  clamped  

Repeated  with  similar  result 

0.4  cc.  (1:  850,000)  

0.4  cc.  (1:  850,000),  aorta  clamped  

Repeated  with  practically  same  result 

0.2  cc.  (1:  850,000)  

0.2-cc.  (1:850,000),  aorta  clamped  

Left  splanchnic  stimulated  (9  cm.  be- 
tween coils),  4  seconds  : . . 

Left  splanchnic  stimulated  (9  cm.  be- 
tween coils),  4  seconds,  aorta  clamped 

Left  splanchnic  stimulated  (9.5  cm.  be- 
tween coils),  4  seconds  

Left  splanchnic  stimulated  (9.5  cm.  be- 
tween coils),  4  seconds,  aorta  clamped. . . 

0.5  cc.  (1:  700,000)  

0,5  cc.  (1:700,000)  (right  subclav.,  jight 
carotid  and  aorta  clamped)  

0.3  cc.  (1:  700,000)  

0.3  cc.  (1: 700,000)  (vessels  clamped  as 
at  2.50)  

0.1  cc.  (1:  700,000).-  

0.1  cc.  (1:700,000)  (arteries  clamped  as 
at  2.50)  

0.1  cc.  (1: 1,400,000)  

0.1  cc.  (1:  1,400,000)  (arteries  clamped  as 
at  2.50)  

0.5  cc.  (1 :  2,900,000)  

0.5  cc.  (1:  2,900,000)  (arteries  clamped  as 
at  2.50)  


AHTERIES 
CLAMPED 
AFTER 
I\  JECTION 


seconds 

3 


PCrPII,  DILATATION 
BEGINS  IN 


seconds 

8.4  moderate 

8  moderate  + 

10.8  slight 
8.6  moderate 

No  reaction 
No  reaction 

9.2  moderate  — 

8.2  good-f- 

10  moderate  — 

9  good+ 

8  moderate 

7.2good+ 
10.2  slight 

7.4  good  -|- 
No  reaction 

8.8  moderate-f- 
•  No  reaction 

No  reaction 
No  reaction 

12.6  nictitating 


Circulation  time  femoral  vein  to  carotid: 

2.0  cc.  methylene  blue  injected,  3.0  seconds 
0.5  cc.  methylene  blue  injected,  3.2  seconds 
0.5  cc.  methylene  blue  injected,  3.4  seconds 

Left  adrenal  weighed  0.211  gram  and  contained  0..3S  mgm.  epinephrin. 
Right  adrenal  weighed  0.189  gram  and  contained  0.31  mgm.  epinephrin. 
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TABLE  i 

Cat  20     Weight  S.2  kg.    Left  superior  cervical  ganglion  excised  9  days  before. 
Urelhane    Adrenalin  injected  into  femoral  vein.    Both  splanchmcs  cut  in 
thorax  at  beginning  of  experiment 


1.0  cc.  (1:  1,400,000)  

1.0  cc.  (1:  1,400,000),  aorta  clamped 

0.2  cc.  (1:  700,000)  

0.2  cc.  (1:  700,000),  aorta  clamped  

Repeated  last  two  observations,  same  re- 
sult. 

0.4  cc.  (1:300,000)  

0.4  cc.  (1:  300,000),  aorta  clamped   

0.3  cc.  (1:  300,000)  

0.3  cc.  (1:  300,000),  aorta  clamped  

Repeated  above  observations  with  same 
results. 

0.1  cc.  (1:  140,000)  

0.1  cc.  (1:  140,000),  right  subclav.,  right 
carotid  and  aorta  clamped  

Arteries  clamped  as  at  4.22  but  no  injec- 
tion. 

Repeated  observations  of  4.20  and  4.22, 

same  results. 
Tied  accessible  branches  of  left  carotid 

0.1  cc.  (1:  140,000)  

0.1  cc.  (1 :  140,000),  all  arteries  clamped 

as  at  4.22  

0.05  cc.  (1;  140,000),  arteries  clamped  as 

at  4.22  


0.05  cc.  (1:  140,000)  

0.2  cc.  (1:  140,000)  

0.2  cc.  (1:  140,000),  all  arteries  clamped 

0.3  cc.  (1: 140,000)  

0.3  cc.  (1:  140,000),  all  arteries  clamped 


ABTERIE8 
CLAMPED 

AFTER 
INJECTION 


seconds 

3 
3 

3 

3.5 


3 

3.5 

3.5 
3.5 


PUPIL  DILATATION 
BEGINS  IN 


seconds 
No  reaction 
No  reaction 
9  slight 
9.2  better 


10  moderate 
9  much  better 
No  reaction 
9  fairly  good 


15  slight 

14.2  very  good 
No  effect 


No  reaction 

12.2  good 

15.2  small 

tion 
No  reaction 
12  moderate 
10.8  good 
10.2  good  ^ 
9.2  very  good 


reac- 


Left  adrenal  weighed  0.169  gram  and  contained  0.22  mgm.  epinephrin. 
Right  adrenal  weighed  0.182  gram  and  contained  0.22  mgm.  epinephrin. 


gave  good  pupil  and  nictitating  reactions  in  3.2  seconds  when  injected 
into  the  carotid.  0.5  cc.  of  a  1:  1,400,000  solution  injected  into  the 
carotid,  and  even  0.25  cc.  of  the  same  solution,  gave  fair  eye  reactions. 
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The  same  was  true  when  0.3  cc.  of  a  1:  3,000,000  solution  of  adrenaUn 
was  injected  into  the  carotid.  At  this  time  1  cc.  of  a  1:  700,000  solu- 
tion introduced  into  the  femoral  vein  had  no  effect  on  the  eye. 

Of  course,  when  injection  is  made  into  the  carotid  with  a  syringe 
the  injection  pressure  is  much  more  variable  than  when  a  burette, 
raised  to  a  sufficient  height,  is  employed.  This  accounts  for  the  greater 
variability  in  the  time  intervals  of  the  eye  reaction  in  the  experiment 
just  quoted  than  in  that  given  in  table  5. 

TABLE  5 


Injection  of  adrenalin  into  the  carotid  artery  of  a  cat,  by  means  of  a  burette 


P0P1L  DILATATION  BEGINS  IN 

seconds 

0.4  cc.  (1: 

700,000)  

4.8  good+,  also  nictitating. 

0.2  cc.  (1: 

700,000)  

3.2  good-f-,  also  nictitating. 

0.3  cc.  (1: 

700,000)  

4.8  good  — ,  nictitating. 

0.1  cc.  (1: 

700,000)  

No  reaction 

0.5  cc.  (1: 

700,000),  into  femoral  vein... . 

8.8  moderate  — 

Epinephrin  assay.  For  assaying  the  amount  of  epinephrin  given 
off  the  blood  pressure  curve  is,  of  course,  better  than  the  pupil  dilata- 
tion. Still  by  determining  the  amount  of  adrenalin  just  needed  to 
produce  a  given  dilatation  of  the  pupil,  very  fair  results  can  be  obtained 
with  the  pupil  reaction  also.  To  assay  the  epinephrin  in  the  blood 
at  a  given  period  of  an  experiment  it  is  necessary  to  make  adrenalin 
injections  while  the  conditions  are  still  unchanged.  The  results  of 
injections  of  adrenalin  made  early  in  an  experiment  cannot  in  general 
be  used  to  estimate  the  epinephrin  given  off  towards  the  end  of  the 
experiment,  since,  among  other  things,  the  blood  pressure  is  usually 
higher  in  the  earlier  part  of  the  experiment.  It  is  scarcely  necessary 
to  add  that  we  always  assayed  the  adrenahn  used.  For  this,  and 
also  for  the  assay  of  the  adrenals,  we  employed  the  method  of  Folin, 
Cannon,  and  Dennis,  (10)  which  we  compared  with  the  blood  pressure 
method  and  found  to  correspond  very  closely. 

The  adrenahn  solution  was  injected  into  the  femoral  vein  when  the 
cava  pocket  was  only  temporarily  clamped  off,  into  the  external  jugular 
when  the  cava  pocket  was  permanent.  It  was  determined  by  sepa- 
rate observations  that  the  time  interval  after  which  the  eye  reactions 
appeared  and  their  amount  were  sensibly  the  same  whether  a  given 
quantity  of  adrenalin  was  injected  through  a  cannula  into  the  cen- 


LIBERATION  OF  EPINEPHRIN  FROM  THE  ADRENALS  493 


tral  end  of  a  femoral  vein  or  through  a  catheter  passed  up  through  the 
femoral  vein  to  the  level  of  the  adrenals.  At  least,  this  was  found  to 
be  the  case  when  the  liquid  ran  in  through  the  catheter  at  the  same 
rate  as  through  the  femoral  vein.  When  the  orifice  of  the  catheter 
was  in  such  a  position  that  the  solution  entered  only  slowly,  the  time 
interval  of  the  eye  reactions  was,  as  might  be  expected,  greater  than 
with  direct  injection  into  the  femoral  vein.  It  was  concluded  that 
there  was  no  advantage  in  point  of  accuracy  in  injecting  by  the  catheter 
rather  than  into  a  vein.    These  observations  are  illustrated  in  table  6. 


TABLE  6 

From  an  experiment  on  a  14  kg.  dog,  narcotized  with  urethane  and  ether 


2  cc. 
2  cc. 
2  cc. 

2  cc. 

3  cc. 

3  cc. 

4  cc. 
4  cc. 
4  cc. 
4  cc. 
4  cc. 


35,000),  cannula  

35,000),  catheter  

35,000),  cannula  

35,000),  cannula  

35,000),  catheter  

35,000),  cannula  

35,000),  catheter  (ran  in  slowly)  

35,000),  cannula  

35,000),  catheter  (ran  in  slowly)  

35,000),  cannula  

35,000),  catheter  (ran  in  freely  as  in  vein  injection) 


BYE  BBACIION8 


seconds 
12.8 
14.0 
11.4 
14.2 
11.2 
11.0 
15.0 
11.4 
15.0 
13.0 
13.0 


In  one  or  two  experiments  we  injected  the  adrenalin  solution  into 
the  cava  pocket  through  the  left  renal  vein  and  then  released  the  pocket 
(fig.  i^). 

THE  SPONTANEOUS  LIBERATION  OF  EPINEPHRIN 

F or  convenience,  as  already  stated,  we  speak  of  the  epinephrin 
which  is  continuously  given  off  under  experimental  conditions 
without  artificial  stimulation  of  the  splanchnic  nerves,  as  spon- 
taneously liberated.  In  practically  all  the  cats  (nearly  40) 
used  by  us  for  these  observations  we  obtained  evidence  of  the 
presence  of  epinephrin  in  the  cava  pocket  blood.  We  are  not,  ' 
however,  able  to  decide  definitely  whether  this  liberation  is  a 
normal  physiological  process  merely  unveiled  by  the  experiments 
or  an  abnormal  process  dependent  on  the  necessary  conditions 
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of  the  observations  (anesthesia,  unavoidable  excitation  of  af- 
ferent nerves,  etc.  (2).  The  fact  that  the  amount  given  off  per 
unit  of  time  m  cats  seems  to  vary  within  rather  narrow  limits 
even  where  the  experimental  conditions,  particularly  the  kind 
and  degree  of  anesthesia,  vary  considerably,  might  perhaps 
be  interpreted  as  in  favor  of  the  first  hypothesis.    The  increase 


Fig.  5.    Cat  57 

6  to  7,  Pocket  experiment  with  epinephrin  rise  after  release.  Blood  pressure 
is  low,  curve  therefore  smooth  and  even  a  small  rise  of  pressure  is  capable  of 
identification  as  an  epinephrin  rise.  The  preliminary  drop  in  pressure  is  absent 
as  is  usually  the  case  with  low  blood  pressure.    ^  reduction. 


Fig.  6.    Cat  57 

8  to  9,  Pocket.  Epinephrin  rise  on  release  is  greater  than  that  in  observa- 
tions 6  to  7,  fig.  5,  as  the  duration  of  pocket  8  to  5  was  greater,  and  therefore 
more  spontaneously  liberated  epinephrin  was  collected.    tV  reduction. 


in  the  epinephrin  effect  upon  the  blood  pressure  on  release  of 
the  pocket  with  increase  in  the  time  for  which  blood  is  collected 
in  it  is  well  shown  in  figures  5  and  6.  The  liberation  is  strictly 
associated  with  the  integrity  of  the  splanchnic  nerve  supply 
of  the  adrenals.  At  any  rate,  a  discharge  which  has  been  per- 
fectly capable  of  detection  and  even  of  assay  with  the  nerves 
intact,  falls  at  once  below  the  threshold  of  detection  by  our 
methods  as  soon  as  the  nerves  have  been  divided.    It  is  difficult 
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to  believe  that  a  process  governed  so  definitely  by  a  nervous 
mechanism  has  no  physiological  function.  Whether  some  dis- 
charge still  goes  on  after  section  of  the  splanchnic  supply,  could 
of  course  only  be  decided  if  more  delicate  methods  were  avail- 
able. As  already  pointed  out,  positive  conclusions  based  on 
the  vasoconstrictor  action  of  plasmas  or  blood  perfused  through 
frogs'  legs  cannot  be  allowed  any  weight  where  the  quantity 
of  epinephrin  which  can  possibly  be  present  is  so  small. 

The  results  having  been  so  consistent  it  is  not  necessary  to 
multiply  prococols.  Figures  5  and  6  show  that  even  where  the 
rise  of  blood  pressure  is  relatively  small  it  may  be  perfectly 
definite.  The  tracings  were  taken  in  immediate  succession 
from  the  same  cat,  but  in  figure  6  the  period  of  closure  of  the 
pocket  was  approximately  twice  as  long  as  in  figure  5.  It 
will  be  seen  that  the  rise  of  pressure  in  figure  6  is  also  approxi- 
mately twice  as  great.  A  condensed  record  of  another  experi- 
ment follows  in  table  7.  Portions  of  the  tracings  of  this  experi- 
ment are  given  in  figure  7. 

The  protocol  of  this  experiment  has  been  selected  for  repro- 
duction because  the  animal  had  been  so  prepared  that  only  one 
adrenal  (the  left)  could  hberate  epinephrin,  the  splanchnic 
supply  of  the  right  having  been  previously  cut.  The  perfectly 
clear  demonstration  of  the  liberation  of  epinephrin  by  the  left 
adrenal  when  its  vein  was  open  to  the  pocket  and  the  complete 
absence  of  the  reactions  when  the  left  adrenal  vein  was  clipped 
and  only  the  right  discharged  into  the  pocket,  are  striking. 
As  twice  as  much  epinephrin  would  be  given  off  by  the  two 
glands,  it  is  clear  that  it  cannot  be  a  matter  of  difficulty  when 
both  are  discharging,  to  demonstrate  the  epinephrin  reactions. 
The  experiment  will  be  referred  to  in  another  connection  in 
the  discussion  of  the  question  whether  after  section  of  the  nerve 
supply  the  adrenal  ever  regains  the  power  to  liberate  epinephrin. 
Figures  8  and  14  further  illustrate  the  fact  that  after  section 
of  the  splanchnic  supply  of  the  adrenals  the  reactions  due  to 
the  liberation  of  epinephrin,  which  were  previously  present, 
disappear  entirely. 
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TABLE  7 

Condensed  prqtocttl  of  experiment  on  cat  137;  weight  2.71  kg.  Al  nerve  c  'ining 
to  right  semilunar  ganglion  cut  11  days  previously.  Also  the  left  superior  cervi- 
cal ganglion  excised.  Urethane,  4  grams  by  stoma-.h  tube.  Permanent  cava  pocket 
with  ligation  of  coeliac  mesenteric  and  renal  arteries  and  abdominal  aorta.  Both 
vagi  cut.  Cannula  in  carotid  for  blood  pressure.  Cannula  in  external  jugular 
for  '  drenalin  injection 


Pocket  experiment  

Clipped  lef  adrenal  vei   

Pocket  experiment  

Adrenal  vein  released  

Pocket  experiment  

Left  adrenal  vein  clipped  

Pocket  experiment  

Adrenal  vein  released  ; . . 

Pocket  experiment  

Ether  given  !  

Pocket  experiment  during  ether- 
ization  

Ether  stopped  

Pocket  experiment  

Pocket  experiment  

0.3  cc.  adrenalin  (1  125,000)  in- 
jected  

0.3  cc.  adrenalin  (1 :  250,000)  in- 
ected  

0.2  cc.  adrenalin  (1:  250,000)  in- 
jected  

Pocket  experiment  

Clipped  left  adrenal  vein  

Pocket  experiment  

Adrenal  vein  released  


o  o  I 
2" 

<  o 

B  " 


f  a 

M  o 


o  a 


47 
45 
67 
60 
105 

105 

105 
105 


105 
130 


PUPIL  DILATATION  IN 
SECONDS 


6.8 
No 

Good  11.2 
Good  6.2 

No 

Good  9.8 
Very  good  6.2 


Fair  9 

Very  good  9 
Very  good  7.2 


Good  10 
No 

Small  reaction 
20 


BISE 
OP 
BLOOD 
PBE8- 
SUBE 


No 
6 
9 

No 
7 
8 


13 
10 

18 

12 

8 
8t 

No 
7 


INITIAL 
BLOOD 
PBE8- 
BUBE 


mm. 

140 


140 
145 


124 


80 
96 

88 

■0 

82 


Left  adrenal  weighed  0.260  gram  and  contained  0.18  mgm.  epinephrm. 

Right  adrenal  weighed  0.286  gram  and  contained  0.25  mgm.  epmephrm. 
■    *  The  blood  pressure  curve  was  spontaneously  rising  after  the  drop  of  pres- 
sure due  to  the\  ether  so  that  although  an  epinephrin  rise  was  indicated  upon 
the  curve  its  amount  could  not  be  measured. 

t  The  assay  of  the  epinephrin  liberated  in  observation  21  works  out  at  0.00016 
mgm.  per  minute  per  kg.  of  animal  for  one  adrenal.  Earlier  in  the  experiment 
as  large  a  rise  of  pressure  was  obtained  with  a  considerably  shorter  duration  of 
the  pocket  so  that  it  is  probable  that  when  the  circulation  in  the  animal  was 
better  the  liberation  of  epinephrin  per  minute  was  greater  than  this. 
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Fig.  8.    Cat  117 

4  to  6,  pocket  experiment  with  stimulation  of  both  sympathetics  in  the  thorax 
above  the  diaphragm.  Stimulation  begun  at  5;  stopped  at  6.  Pocket  opened 
at  6.  IS,  pocket  experiment  after  division  of  major  splanchnics  in  abdomen 
and  sympathetics  in  thorax.  No  epinephrin  effect  now  seen  on  the  blood  pres- 
sure curve  after  opening  the  pocket.  14-  to  17,  pocket  experiment  with  stimu- 
lation of  sympathetics  in  thorax  after  division  of  major  splanchnics  in  abdo- 
men. Stimulation  began  at  15,  stopped  at  16.  No  evidence  of  liberation  of 
epinephrin.    I  reduction. 


/O 
I 

// 

\  

1 

'           i           1           1  1 

■1 

1        I         1         1         1  .  ' 

Fig.  9.    Cat  57 

10,  0.25  cc.  adrenalin  (1:80,000)  injected.  The  heart  had  almost  stopped 
but  began  to  beat  well  again  after  the  adrenalin  injection.  At  H  to  12,  when  the 
heart  had  again  almost  stopped  and  the  blood  pressure  had  fallen,  a  pocket  ex- 
periment was  made.  2i  minutes  of  the  pocket  period  between  11  and  12  not  re- 
produced to  save  space.  After  release  of  the  pocket  at  IS,  the  heart  was  stimu- 
lated precisely  as  by  the  adrenalin  and  the  blood  pressure  rose.  Line  of  zero 
pressure  is  horizontal  line  nearest  tracing,  reduction. 
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'  Figure  9  is  reproduced  because  it  shows  in  an  interesting  way 
the  absolute  similarity  of  the  action  of  injected  adrenalin  and 
spontaneously  liberated  epinephrin.  At  this  stage  in  the  ex- 
periment (cat  57)  the  blood  pressure  had  fallen  to  an  extremely 
low  point  and  the  heart  was  almost  stopped.  The  injection 
of  0.003  mgm.  of  adrenalin  at  observation  10  caused  a  marked 
recovery  of  the  heart  and  a  rise  of  blood  pressure.  In  the  next 
observation  the  pocket  was  closed  for  2|  minutes  between 
11  and  12.  On  release  of  the  pocket  the  heart,  which  in  the 
interval  between  10  and  11  had  again  almost  stopped,  began 
to  beat  well,  and  the  blood  pressure  rose  just  as  after  the  adre- 
nalin injection. 

Quantitative  results.  The  quantities  of  epinephrin  spon- 
taneously hberated,  as  estimated  by  the  injection  of  adrenalin 
in  a  number  of  experiments,  are  given  in  table  8.  In  different 
experiments  the  amount  per  minute  per  kilo  of  animal,  varied 
from  0.0003  to  0.001  mgm.  with  both  adrenals  discharging. 
As  it  is  not  certain  that  the  rate  of  discharge  has  any  simple 
relation  to  the  body  weight,  the  total  amount  hberated  per  min- 
ute is  also  given.  It  varied  from  0.0008  to  0.0028  mgm.  In 
one  experiment  the  discharge  from  a  single  adrenal  was  0.0005 
mgm.  per  minute  or  0.00015  mgm.  per  kilo  of  body  weight  per 
minute.  O'Connor  by  the  frog  perfusion  method  obtained  in 
rabbits  results  ranging  from  0.00014  to  0.0007  mgm.  per  minute 
per  animal. 

The  effect  of  section  of  the  splanchnics  is  not  due  to  the  fall  of 
blood  pressure.  As  in  animals  in  which  the  circulation  through 
the  intestines  has  not  been  interrupted  section  of  the  splanchnic 
causes  a  decided  drop  in  blood  pressure,  it  might  be  asked  whether 
it  is  not  the  interference  with  the  blood  flow  through  the  adrenals 
consequent  on  this  fall  of  pressure  which  is  responsible  for  the 
inability  to  liberate  epinephrin.  Although  in  experiments  in 
which  the  abdominal  aorta,  the  mesenteric  and  the  coeliac 
arteries  have  been  tied,  section  of  the  splanchnics  does  not  cause 
any  considerable  fall  of  pressure,  while  still  aboUshing  the  liber- 
ation of  epinephrin,  the  objection  was  fully  taken  account  of 
in  a  number  of  experiments  in  which  only  the  right  sympathetic 
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TABLE  8 


JCMBER    OP  ANI- 
MAL 

rUMBEB     OF  OB- 
SERVATION 

--  - 

lODY  WEIGHT  KG. 

UHATION  OP 
POCKET  IN  SEC- 
ONDS 

NITIAL  BLOOD 
PRESSURE  IN  MM. 

OTAL  EPINEPHRIN 
IN  MO. 

n 

H 

p 
z 

s 

w 
< 

H 
O 

PINEPHRIX  PER 
KG.  PER  MINUTE 

LOOD  IN  POCKET 
tN  GRAMS 

SSAT    BY  ADRE- 
NALIN 

0  S 

nj 

<  £ 

i§ 

o  "* 
o° 

n 

n 

w 

H 

H 

n 

< 

o 

57 

11-12 

1  S3 

J-OU 

0.001 

u . uuuu 

U .  «3Uo 

u .  cc. 

1:1,000,000 

1 :  75,000 

59 

9 

2.36 

90 

90 

0.0017 

0.0011 

0.0003 

0.306 

more 

1:1,800,000 

than 

0.25  cc. 

1 :  150,000 

27 

2.65 

Massage 

52 

O.OOlo 

0.0008 

0.0003 

0.2  cc. 

120 

1 :  12o,000 

95 

22-25 

3.275 

105 

140 

0.0048 

0.0028 

0 . 0008 

1.32 

0.6  cc. 

1 : 3,000,000 

with 

1 : 125,000 

asphy- 

xia 

26 

105 

130 

r\    r\r\A  o 

0 . 0048 

0.0028 

c\  f\c\c\o 

U.D  cc. 

1 : 12o,000 

1 : 3,0CO,000 

114 

17 

2.435 

120 

120 

0.004 

0.002 

0 . 0U08 

1 .255 

U.o  cc. 

1:3,100,000 

i  •  IOC  AAA 

18-21 

120 

120 

0.004+ 

0.002+ 

0 . 00085 

More 

with 

than 

brachia 

0.5  cc. 

stim. 

1 : 125,000 

22 

120 

120 

0.004 

0.002 

0.0008 

0.5  cc. 

1 : 125,000 

23-26 

120 

118 

0.004+ 

0.002+ 

0.00085 

More 

with 

than 

asphy- 

0.5 cc. 

xia 

1:  125,000 

29-32 

120 

120 

0.0045 

0.0022 

0.0009 

More 

1:2,700,000 

with 

than 

asphy- 

0.5 cc. 

xia 

1 :  125,000 

34 

120 

116 

0.005 

0.0025 

0.001 

Less 

than 

0.65  cc. 

1 :  125,000 

35^38 

120 

114 

0.005 

0.0025 

0.001 

Less 

with 

than 

asphy- 

0.65 cc. 

xia 

1 : 125,000 

*  One  adrenal  only. 
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TABLE  8— Continued 


O 
IS 

a 

p  * 


116 


137 


a 
o 

o  o 

«  > 

a  K 

0  00 


12 


13 


21 


2.76 


2.71 


^2 

^  «  2 
«  o  z 

P  (i<  o 


90 

90  with 
stim.  of 
rt. 

splanch- 
nic 

90  with 
stim. 
of  rt. 
splanch- 
nic 


105 


"  a 
^  a 

°  z 

J  p 


52 


50 


50 


140 


TOTAL  EPINEPHRIN 
IN  MG. 

TOTAL  PER  MINUTE 

EPINEPHRIN  PER 
KG.  PER  MINUTE 

BLOOD   IX  POCKET 
IX  GRAMS 

ASSAY    BY  ADRE- 
NALIN 

CONCENTRATION 
OF  EPINEPHRIN 

0.0033 

0.0022 

0.0008 

1.01 

0.5  CC. 

1 : 3,000,000 

1 :  125,000 

0.0021 

0.0014 

0.0005 

t 

0.3  CC. 

1 : 5,000,000 

1 : 125,000 

0.0021 

0.0014 

0.0005 

t 

0.3  CC. 

1 : 5,000,000 

1 : 125,000 

0.0008 

0.0005- 

0.00015* 

0.2  CC. 
1 :  250,000 

t  This  represents  secretion  from  the  right  adrenal  alone  during  stimulation  of 
right  splanchnic.  Before  observations  12  and  13  both  major  splanchnics  were  divided, 
*One  adrenal  only. 

including  the  major  splanchnic  was  divided  in  thorax.  .  In 
some  of  these  experiments,  section  of  the  right  splanchnic  was 
made  at  the  time  when  the  pocket  observations  were  being  carried 
out.  In  others  the  connections  of  the  right  semilunar  ganglion 
including  the  major  splanchnics  were  severed  beforehand  and 
the  animal  allowed  to  recover.  When  the  left  adrenal  vein  was 
clipped  the  blood  collected  in  the  cava  pocket  gave  no  evidence 
of  epinephrin.  Removal  of  the  clip  after  the  opening  of  the 
pocket  is  usually  followed  by  epinephrin  reactions.  The  rise 
of  blood  pressure  following  removal  of  the  clip  from  the  left 
adrenal  vein,  although  it  may  sometimes  be  as  great  as  with 
an  ordinary  pocket  experiment  made  only  a  little  time  before 
or  after,  is  more  gradual  and  the  pupil  reaction  comes  after  a 
somewhat  longer  time  interval.  (See  for  example  table  7,  ob- 
servation 21,  as  compared  with  observations  22  to  24,  and  figure 
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7.)  The  simplest  interpretation  of  this  is  that  the  epinephrin 
accumulated  during  occlusion  of  the  adrenal  vein,  instead  of 
passing  at  once  along  the  cava  as  the  epinephrin-containing 
blood  collected  in  the  pocket  does,  must  be  more  gradually 
washed  out  of  the  adrenal  vessels.  This  interpretation  is  cor- 
roborated by  the  observation  that  when  the  adrenal  vein  is 
clipped  and  a  cava  pocket  formed  before  the  cUp  is  removed, 
so  that  the  accumulated  epinephrin-containing  blood  in  the 
adrenal  now  escapes  into  the  pocket,  the  rise  of  blood  pressure 
and  eye  reactions  ehcited  on  releasing  the  pocket  occur  at  the 
same  time  interval,  and  have  the  same  character  as  when  the 
blood  is  collected  in  the  pocket  with  the  adrenal  vein  free. 

The  magnitude  of  the  epinephrin  effects  obtained  by  releas- 
ing the  adrenal  vein  after  a  period  of  occlusion  is  usually  less 
than  when  the  adrenal  vein  blood  is  collected  in  the  cava  pocket 
for  the  same  length  of  time.  This  is  to  be  expected.  It  is, 
indeed,  surprising  that  the  relatively  small  amount  of  blood 
which  can  be  pent  up  in  the  adrenal  should  sometimes  contain 
as  much  or  nearly  as  much  epinephrin  as  the  much  larger  quan- 
tity of  adrenal  blood  which  is  collected  in  the  same  time  when 
the  vein  is  discharging  freely  into  the  pocket.  An  average 
cava  pocket  in  a  cat  will  contain  about  1  gram  of  blood,  or  more 
than  double  the  combined  weight  of  the  two  adrenals,  so  that 
the  amount  of  blood  in  an  adrenal,  even  when  passively  con- 
gested by  clipping  its  vein,  can  only  be  a  small  fraction  of  the 
amount  which  it  discharges  into  the  pocket  with  the  vein  free. 
The  concentration  of  epinephrin  must  be  much  greater  in  the 
blood  behind  the  adrenal  vein  clip  than  in  the  blood  when  col- 
lected in  the  pocket.  In  other  words,  the  .amount  of  epinephrin 
Uberated  is  not  proportional  to  the  quantity  of  blood  flowing 
through  the  gland  but  depends  also  on  the  time.  If  epinephrin 
is  liberated  steadily  at  a  fairly  constant  rate  the  concentration 
in  the  adrenal  vein  blood  must  vary  inversely  with  the  rate  of 
flow. 

Table  9  illustrates  the  results  obtained  in  one  of  the  acute 
experiments  in  which  the  right  sympathetic  was  divided  in 
the  thorax  a  little  above  the  diaphragm.    Portions  of  the  trac- 
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TABLE  9 


Condensed  protocol  of  experiment  on  cat  37.  Weight,  3.4^  kg.  Left  superior  cervical 
ganglion  excised  10  days  before.  Temporary  cava  pocket  method  used  as  de- 
scribed under  technique. 


NO.  OP 
OBBER- 
YATION 


3 
4 


6 
7 


11 


12 
14 
15 


17 


18 


9.15 
10.00 


11.35 
11.40 


11.43 

11.50 

11.55 
12.00 


12.05 
12.30 


12.40 


Urethane  4  grams  by- 
stomach  tube  

A  little  ether.  Cava 
pocket  prepared. 
Cannula  in  carotid 
and  trachea  

Pocket  experiment  

Pocket  experiment 
with  left  adrenal 
clipped  

Pocket  with  left  adre- 
nal vein  clipped  

Removal  of  adrenal 
vein  clip  

Thorax  opened.  Cut 
right  sympathetic 
above  diaphragm  

Clamped  abdominal 
aorta  

Pocket  experiment 
with  left  adrenal  vein 
clipped  

Released  adrenal  vein. . 

Pocket  experiment  

Pocket  experiment 
with  left  adrenal 
vein  clipped  and 
stimulation  of  right 
splanchnic  for  2  min- 
utes (5  sees,  on  and  5 
sees,  off)  

Pocket  experiment 
with  left  adrenal 
vein  clipped  

Removed  adrenal  clip. . 


O  M 

I 

2  W  I 
S  XI  ' 


30 


90 


60 


PUPIL  DILATATION  IN 
SECONDS 


BLOOD  PBES- 
8CRE  RISE 


Milli- 
meters 


Begins 

in 
seconds 


Very  good  9.2 


Very  good  12.8 
15 


90 


75 


150 


90 


22 


13 


No 

Slight 

Very  good  22.6 


Very  good  32 


No 

Slight 


a 

o 

o  f> 

J  PS 

n  D 


10 


No 
Slight 
14 


18 


No 
10 


20 


20 


12 


110 


100 


80 


64 


48 
44 
40 


40 


54 
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TABLE  9— Continued 


NO.  or 

OBSER- 

TIMB 

ION  OF 
ET  IN 

ND3 

PUPIL  DILATATION  IN 

BLOOD  PREB- 
SURE  RISE 

BLOOD 

VATION 

DURAT 
POCK 
SECO 

SECONDS 

MilU- 
meters 

Begins 
in 

seconds 

INITIAL 
PRESS 

19 

12.45 

OIK 

Pocket  experiment 
LiCtt  symphatetic  di- 
vided in  thorax  above 
diaphragm  

90 

Good  20.2 

13 

15 

58 

35 

2.20 

Pocket  experiment 
with  stimulation  of 
right  and  occasion- 
ally left  sjTnpathet- 
ics  for  3  min.,  (5  sees. 

on,  5  sees,  off)  

180 

14 

26 

34 

38 

2.40 

Pocket  experiment 

with  massage  of  both 

120 

18 

45 

29 

Left  adrenal  weighed  0.197  gram  and  contained  0.14  mg.  epinephrin. 
Right  adrenal  weighed  0.201  gm.  and  contained  0.16  mg.  epinephrin. 


ings  from  this  experiment  are  reproduced  in  figures  10,  11  and  12. 
Results  in  animals  in  which  the  splanchnic  supply  of  the  right 
adrenal  was  divided  in  advance  of  the  acute  experiment  have 
already  been  quoted  in  table  7  (fig.  7).  They  show  clearly 
that  the  right  adrenal  no  longer  discharges  a  detectable  amount 
of  epinephrin.  For  when  the  left  adrenal  vein  is  chpped,  blood 
collected  in  the  cava  pocket  produces  no  reaction  (fig.  10), 
whereas  with  the  left  adrenal  vein  free  a  good  reaction  is  ob- 
tained. When  the  nerve  supply  of  both  adrenals  has  been  cut, 
pocket  experiments  are  negative,  although  epinephrin  in  good 
amount  is  liberated  by  stimulation  of  the  splanchnics  (fig.  11) 
and  by  massage  of  the  glands  (fig.  12) 

Does  the  denervated  adrenal  eventually  regain  the  power  of  liber- 
ating epinephrin?  It  is  known  that  cats  survive  indefinitely 
when  one  adrenal  is  removed  and  the  splanchnic  supply  of  the 
other  cut.  If  epinephrin  has  a  physiological  function,  or  at  any 
rate  an  indispensable  one,  it  must  be  supposed  that  eventually, 
even  in  the  absence  of  innervation,  it  will  be  given  off  from  the 
denervated  glands.    EUiott  (5)  speaks  of  this  as  something  self- 
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evident.  "Ultimately,"  he  says,  "the  glands  must  be  capable 
of  automatic  excretion,  for  the  decentraUzed  gland  suffices 
to  keep  the  animal  alive."  On  testing  the  question,  however, 
we  find  no  evidence  that  epinephrin  in  detectable  amount  is 
Uberated  from  the  adrenals  of  cats  even  a  considerable  time  after 
the  innervation  has  been  destroyed. 


SS,  Pocket  experiment,  after  section  of  both  sympathetics  in  the  thorax  above 
the  diaphragm.  No  epinephrin  effect  on  release,  the  curve  rising  gradually 
to  the  original  level  and  then  becoming  horizontal  just  after  the  end  of  the  por- 
tion of  the  curve  we  reproduce.  34,  elevation  of  blood  pressure  curve  due  to 
spontaneous  movement  of  the  animal.  35,  pocket  experiment,  with  stimulation 
of  right  sympathetic  trunk  in  thorax.  The  pocket  was  closed  for  three  minutes, 
only  the  last  twenty  seconds  of  which  are  shown  on  the  tracing.  The  tracing 
shows  that  the  right  adrenal  although  liberating  no  detectable  epinephrin  spon- 
taneously after  section  of  its  nerves  is  capable  of  liberating  a  considerable  amount 
when  these  nerves  are  stimulated.    Reduced  to  f. 


The  right  adrenal  was  removed  from  a  cat  (no.  81)  and  the 
fibers  coming  to  the  left  semilunar  ganglion  divided.  The 
left  superior  cervical  ganglion  had  been  excised  ten  days  pre- 
viously. Five  weeks  after  removal  of  the  adrenal,  pocket  ex- 
periments were  made,  with  an  absolutely  negative  result  as 
regards  epinephrin  reactions  on  the  blood  pressure  or  the  eye 
(fig.  1).  Stimulation  in  the  course  of  the  major  splanchnic  in 
the  abdomen  on  the  left  side  was  also  negative.    The  gland, 


Fig.  11.    Cat  37 
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however,  contained  plenty  of  epinephrin  capable  of  being  dis- 
charged into  its  blood  vessels,  as  was  shown  by  massage  obser- 
vations (fig.  13).  For  example,  in  observation  27,  massage  was 
practiced  for  two  minutes  with  the  cava  pocket  closed.  The 
rise  of  blood  pressure,  accompanied  by  very  good  eye  reaction 
8  seconds  after  release  of  the  pocket,  corresponded  to  a  libera- 
tion of  0.0016  mgm.  of  epinephrin  (see  table  8). 


371, 


Fig.  12.    Cat  37 

57,  injection  into  cava  pocket  of  0.5  cc.  of  1:40,000  adrenalin.  Pocket  re- 
leased in  the  usual  way  in  order  to  compare  the  effect:  of  the  adrenalin  with 
the  effect  of  the  epinephrin  liberated  in  pocket  experiment  38  by  massage  of  the 
adrenal.  The  pocket  was  closed  and  massage  kept  up  for  two  minutes,  only 
the  last  twenty  seconds  of  which  are  shown  on  the  tracing.  The  splanchnic 
supply  of  both  adrenals  had  previously  been  cut.    Reduced  to  f . 

We  have  shown  the  same  thing  in  a  different  way  by  dividing 
the  nerve  supply  of  the  right  adrenal,  and  then,  after  the  ani- 
mal has  recovered,  making  pocket  experiments  with  the  left 
adrenal  vein  alternately  free  and  clipped.  When  the  left  vein 
is  allowed  to  discharge  into  the  pocket  distinct  evidence  is  ob- 
tained of  the  presence  of  epinephrin  in  the  blood  released,  after 
the  clamp  is  removed  from  the  pocket.    But  when  the  left 
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adrenal  vein  has  been  previously  clipped,  the  blood  collected 
in  the  pocket  from  the  right  adrenal  produces  not  the  slightest 
epinephiin  effect  either  on  the  blood  pressure  or  on  the  eye. 
This  is  not  due  to  the  smaller  amount  of  blood  collected  in  a 
given  time.  For  the  negative  result  is  in  no  wise  altered  if 
the  period  of  collection  is  lengthened.  Also,  on  now  sectioning 
the  splanchnic  supply  of  the  left  adrenal,  although  the  pocket 
fills  as  rapidly  as  before  with  both  adrenal  veins  free,  there  are 
no  epinephrin  reactions  (see  tab  e  7,  fig.7  (cat  137,  observations 
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Fig.  13.    Cat  81 

Showing  the  effect  of  massage  in  liberating  epinephrin  from  the  left  ad-enal 
whose  nerves  had  been  cut  5  weeks  before.  27,  cava  pocket  with  massage,  the 
left  adrenal  vein  being  open  to  the  pocket.  ^7  to  49,  pocket  with  massage,  the 
left  adrenal  vein  having  been  closed  at  ^5  and  opened  at  48,  after  closure  of  the 
pocket.    Massage  begun  at  4S-A,  stopped  at  46.    Reduced  to  |. 


5  to  8  and  21  to  24)  ).  Of  course,  all  that  can  be  deduced  from 
these  negative  results  is  that  if  any  epinephrin  is  spontaneously 
liberated  from  the  denervated  glands,  its  amount  is  too  small 
for  detection.  It  was  shown  that  epinephrin  could  be  discharged 
from  the  glands  under  massage  in  pocket  experiments. 

Evidence  has  already  been  brought  forward  that  considerable 
amounts  of  epinephrin  can  be  liberated  into  the  adrenal  vessels 
when  the  outflow  of  blood  from  the  gland  is  prevented.  This 
is  the  case  both  for  the  spontaneous  liberation  of  epinephrin 
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and  for  its  liberation  by  splanchnic  stimulation.  In  some  of 
the  massage  experiments  an  attempt  was  made  to  test  the  fur- 
ther question  whether  the  epinephrin  once  hberated  into  the 
adrenal  vessels  can  lie  there  for  some  time  without  losing  its 
effect.  Massage  was  practiced  in  observations  on  cat  81  with 
the  left  adrenal  vein  chpped.  An  interval  was  then  allowed  to 
elapse  after  closure  of  the  cava  pocket  before  the  adrenal  vein 
was  freed.  On  opening  the  pocket  good  epinephrin  reactions 
were  obtained  (see  fig.  13  (cat  81,  observations  45  to  49)  )  asso- 
ciated with  a  very  good  pupil  reaction  in  9.8  seconds.  In  another 
experiment  on  the  same  animal  the  left  adrenal  vein  was  clipped, 
the  cava  pocket  then  closed  and  massage  of  the  left  adrenal  prac- 
ticed for  two  and  one-quarter  minutes.  The  pocket  was  now 
released  the  adrenal  vein  being  still  cUpped.  No  epinephrin 
reactions  either  on  blood  pressure  or  eye  were  obtained.  After 
an  interval  of  1|  minutes  the  cava  pocket  was  again  closed, 
the  adrenal  vein  then  released  and  the  cava  pocket  allowed  to 
fill  for  2j  minutes  without  further  massage.  On  release  of  the 
pocket  excellent  eye  reactions  (pupil  and  nictitating)  and  a 
good  rise  of  blood  pressure  were  obtained. 

Either  then  the  epinephrin  liberation  is  not  indispensable, 
or  the  necessary  physiological  supply  of  epinephrin  is  too  small 
to  be  detected  by  methods  which  clearly  detect  the  epinephrin 
liberated  through  the  splanchnic  nerves  under  experimental 
conditions,  and  also  the  epinephrin  hberated  by  massage  of 
adrenal  glands  long  deprived  of  their  innervation. 

Nature  of  the  spontaneous  epinephrin  liberation.  If  good 
evidence  could  be  adduced  that  epinephrin  is  necessary  for 
survival  and  for  health,  the  question  raised  on  a  previous  page 
as  to  the  nature  of  the  epinephrin  Uberation  seen  under  experi- 
mental conditions  would  seem  to  be  answered  by  the  observa- 
tions just  described— and  in  this  sense,  that  it  is  not  a  discharge 
of  the  same  order  of  magnitude  as  the  physiological  hberation 
but  a  greatly  accelerated  discharge  connected  with  stimulation 
of  the  nervous  mechanism  controlling  the  secret  on  by  the  ab- 
normal u-ritation  of  sensory  nerves,  or  by  some  action  of  the  an- 
esthetic.   If,  however,  the  discharge  of  epinephrin  is  essentially 
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an  "emergency  function,"  as  suggested  by  Cannon,  it  may  be 
that  health  can  be  maintained  without  hberation  of  epinephrin 
or  with  too  small  a  liberation  to  be  detected,  although  the 
animal  may  be  handicapped  in  circumstances  which  normally 
evoke  the  emergency  secretion.  The  increased  discharge  under 
experimental  conditions  might  itself  be  considered  an  emergency 
secretion.  However  this  may  be,  it  was  seen  that  cats,  with 
one  adrenal  removed  and  the  nerves  of  the  other  cut,  behaved 
in  the  same  way  as  cats  with  intact  adrenals,  in  regard  to  cer- 
tain signs  of  emotional  disturbance  supposed  by  some  writers 
to  be  associated  with  epinephrin  liberation.  When  the  animal 
was  frightened  or  rendered  angry  the  pupil  of  the  denervated 
eye  dilated  well,  and  dilatation  began  practically  at  once,  that 
is  to  say,  much  sooner  than  the  same  reaction  when  it  is  known 
to  be  elicited  by  epinephrin.  The  dilatation  was  sometimes 
as  great  as,  or  even  greater  than  the  normal  eye.  In  one  cat 
it  was  constantly  greater.  The  relative  amount  of  dilatation 
of  the  pupil  in  the  denervated  eye  as  compared  with  its  fellow 
was  at  least  as  great  in  all  the  animals  tested  as  in  cats  with  in- 
tact adrenals.  The  pilomotor  effects  were  not  less  than  in 
normal  cats.  In  asphyxia  and  ether  anesthesia  the  pupil  of 
the  denervated  eye  in  the  cats  without  adrenal  innervation 
became  wider  than  the  pupil  of  the  other  eye. 

Another  point  which  has  some  bearing  on  the  question  of  the 
nature  of  the  spontaneous  liberation  of  epinephrin  seen  under 
experimental  conditions,  may  be  mentioned.  We  have  produced 
evidence  in  a  previous  paper  (6)  that  a  portion,  and  usually  a 
very  considerable  portion,  of  the  epinephrin  liberated  by  electri- 
cal stimulation  of  the  splanchnics  must  be  newly  formed  epi- 
nephrin, and  cannot  have  come  from  the  stock  in  the  glands  at 
the  beginning  of  the  experiment.  The  same  thing  seems  to 
be  true  of  the  spontaneous  liberation,  although,  with  the  nerves 
intact,  there  is  always  a  much  more  definite  ''spontaneous" 
loss  of  epinephrin  from  the  store  under  experimental  conditions 
than  when  the  cut  nerves  are  stimulated  electrically,  despite 
the  fact  that  more  epinephrin  passes  into  the  blood  in  a  given 
time  with  electrical  stimulation  of  the  nerves. 
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Thus,  if  in  cat  37  (protocol,  table  9)  the  discharge  from  the  left 
adrenal  between  11.50  a.m.  and  2.20  p.m.  was  at  the  smallest  rate 
found  in  our  experiments  for  one  adrenal,  namely  0.0005  mgm.  per 
minute,  this  would  amount  to  0.075  mgm.  for  the  two  and  a  half  hours. 
The  nerves  of  the  right  adrenal  were  cut  at  11.50  and  those  of  the 
left  at  2.20.  It  has  been  shown  by  Elliott  that  section  of  the  nerves 
protects  the  store  of  epinephrin  in  a  gland  from  discharge.  At  the 
end  of  the  experiment  the  left  adrenal  contained  only  0.02  mgm.  of 
epinephrin  less  than  the  right. 

In  cat  137  the  left  adrenal  lost  from  its  store  0.07  mgm.  in  5  hours 
or  over  0.0002  mgm.  per  minute.  The  gland  discharged  spontaneously 
(see  table  8),  0.0005  mgm.  per  minute. 

In  cat  116  the  major  splanchnics  were  divided  after  the  experiment 
had  proceeded  for  four  and  one  half  hours.  The  epinephrin  liberated 
before  division  was  estimated  at  0.002  mgm.  per  minute  (table  8). 
If  the  liberation  was  at  the  same  rate,  say  for  4  hours,  the  amount 
discharged  by  the  two  adrenals  would  be  0.48  mgm.  At  the  end  of 
the  experiment  the  left  adrenal  contained  0.11  mgm.  and  the  right 
0.09  mgm.  The  highest  content  of  an  adrenal  in  cats  suddenly  killed 
does  not  exceed  0.35  to  0.38  mgm.  Even  if  the  adrenals  in  this  ani- 
mal at  the  beginning  of  the  experiment  had  a  maximal  load,  not  less 
than  half  the  amount  discharged  must  have  been  new  formed. 

If  the  spontaneous  discharge  is  associated  with  new  formation 
of  epinephrin  it  ranges  itself,  so  far  as  this  fact  goes,  with  the 
genuine  secretions. 

Do  the  major  splanchnics  carry  all  the  fibers  concerned  in  the 
liberation  of  epinephrin?  It  has  been  shown  by  Elliott  (5)  that 
section  of  the  major  splanchnics  alone  does  not  suffice  to  protect 
the  adrenal  (in  the  cat)  from  discharge  of  its  epinephrin  store. 
We  have  found  that  this  is  true  also  for  the  dog.  The  question 
arises  whether  the  major  splanchnic  carries  all  the  fibers  which 
control  the  spontaneous  liberation  of  epinephrin,  and  also,  what 
is  probably  the  same  thing,  whether  it  carries  all  the  fibers, 
artificial  stimulation  of  which  causes  liberation  of  epinephrin. 
We  have  tried  to  test  this  in  a  number  of  experiments  one  of 
which  is  illustrated  in  table  10.  Cava  pocket  observations  were 
made  with  stimulation  of  one  or  both  sympathetics  in  the  thorax 
just  above  the  diaphragm. 
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The  epinephrin  reactions  obtained  on  release  of  the  pocket 
were  noted.    Then  the  major  splanchnic  was  divided  in  the 
abdomen  and  stimulation  of  the  sympathetics  repeated,  with 
the  cava  pocket  closed  for  the  same  or  for  a  longer  period.  Pos- 
itive epinephrin  reactions  on  release  of  the  pocket  would  now, 
of  course,  indicate  that  a  portion  of  the  efferent  nervous  path 
concerned  in  the  liberation  had  not  been  divided.    In  other  ob- 
servations the  spontaneous  Hberation  of  epinephrin  was  first 
verified  by  pocket  experiments  before  division  of  any  nerves. 
The  major  splanchnics  in  the  abdomen  were  then  cut,  and  it 
was  noted  whether  blood  collected  in  the  cava  pocket  still  caused 
any  sensible  epinephrin  reaction.    In  one  experiment  (cat  95, 
see  protocol,  table  12)  we  obtained  a  definite,  though  small, 
rise  of  blood  pressure  after  release  of  the  pocket  when  the  major 
splanchnics  had  been  previously  cut.    The  rise  was  associated 
with  a  slight  pupil  reaction.    On  now  dividing  the  fibers  com- 
ing to  the  semilunar  ganglion  on  both  sides  and  repeating  the 
experiment,  the  result  was  negative.    Before  division  of  the 
major  splanchnics  good  epinephrin  reactions  had  been  obtained. 
It  need  not  be  assumed  that  after  division  of  such  a  very  im- 
portant fraction  of  the  total  innervation  as  that  carried  in  the 
major  splanchnic,  all  cats  will  show  a  definite  spontaneous  libera- 
tion of  epinephiin.    As  a  matter  of  fact,  we  have  also  seen  the 
opposite  result.    For  instance,  in  cat  116  (fig.  14,  observations 
2  to  9)  no  detectable  epinephrin  was  given  off  after  division  of 
both  major  splanchnics  in  the  abdomen.    Before  division  of 
the  major  splanchnics  the  amount  of  epinephrin  spontaneously 
liberated  in  this  animal  (at  observation  2)  was  assayed  (by  means 
of  adrenaUn  injections  such  as  those  shown  in  the  figure  in  ob- 
servations 5  and  6)  at  0.0008  mgm.  per  minute  per  kilo  of  ani- 
mal, an  amount  of  the  usual  magnitude  at  least.    The  major 
splanchnics  were  then  cut,  and  observation  9  shows  no  trace 
of  liberated  epinephrin.    The  glands  were  still  at  this  time  per- 
fectly capable  of  excreting  epinephrin.    For  stimulation  of  the 
right  splanchnic  (fig.  3,  observation  12)  while  the  pocket  was 
closed,  caused  cons' derable  liberation,  as  shown  by  the  marked 
rise  in  blood  pressure  and  eye  reactions  (pupil,  nictitating  and 
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TABLE  10 

Condensed  protocol  of  experiment  on  cat  117  Weight  ^ '^'^^^Jf  ^Z^^^^^^^ 
cervical  ganglion  excised  26  days  previously.  Urethane,  4  Qrarns  Prepared 
peZanent  cava  pocket  with  ligations  of  arteries.  Isolated  both  sympathet^c 
trunks  in  thorax  above  diaphragm  without  hgating  them  


NO.  OF 
OBSERVATION 


4-6 


8-10 


12 


13 
14-17 


26-29 


30 


Pocket  experiment  

Pocket  experiment  

Ligated  and  cut  both 
sympathetic  trunks 
in  thorax  

Pocket  experiment 
with  stimulation  of 
both  sympathetics 
5  sees,  on  and  5  off, 
for  90  sees  

Pocket  experiment 
with  stimulation  of 
both  sympathetics 
5  sees,  on  and  5  off, 
for  90  sees  

Divided  both  major 
splanehnics  in  abdo- 
men   

Pocket  experiment  

Pocket  experiment 
with  stimulation  of 
sympathetics  in  tho- 
rax for  1  min  

Pocket  experiment 
with  stimulation  of 
right  major  splanch- 
nic in  abdomen  for 
2  min  


Pocket  experiment. 


2  a  : 

S  o 
p  »• 
la 


65 
60 


PUPII-  DILATA- 
TION IN  SECONDS 


BLOOD  PRE8- 
8DRE  RISE 


Positive  9 
Positive  13 


90 


90 


100 


80 


150 
120 


Milli- 
meters 


10 

8 


Positive  12.4 


Positive  11 


No 


No 


Positive  18.2 
No 


10' 


12 


No 


No 


3-4* 
No 


Begins 

in 
seconds 


7 
10 


15 


o 
n  D 


74 
60  i 


42 


14  42 


34 


34 


14   I  26 
20 


Left  adrenal  weighed  0.204  gram  and  contained  0.17  mgm.  epinephrin. 

Right  adrenal  weighed  0.216  gram  and  contained  0.18  mgm.  epinephrin. 

Blood  pressure  has  been  very  low  throughout  and  at  the  end  of  the  experi- 
ment was  30  mm.  The  pocket  was  allowed  to  fill  for  estimation  of  the  quan- 
tity of  blood  for  3  minutes.    It  contained  0.45  grams  blood. 

*  This  rise  although  small  was  perfectly  definite. 

Note. — As  with  the  low  blood  pressures  in  this  experiment  a  definite  prelimi- 
nary cusp  was  not  seen  on  the  blood  pressure  curve  at  the  point  corresponding 
to  the  beginning  of  the  epinephrin  effect,  the  time  of  commencement  of  the  blood 
pressure  reaction  given  in  tlie  table  is  always  at  the  beginning  of  the  of  rise. 
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TABLE  11 

Condensed  protocol  of  experiment  on  cat  116.  Weight,  2.76  kg.  The  animal  is 
pregnant.  The  left  superior  cervical  ganglion  was  excised  20  days  before  the 
experiment.  Urethane,  4  grams.  2.00  to  S.20  p.m.  pocket  prepared.  Cannul 
in  carotid  connected  for  blood  pressure  tracing.  Cannula  in  external  jugular 
vein  and  in  trachea.    Coeliac  and  mesenteric  arteries  not  tied  until  later 


M 
N 
«> 

§2 

BLOOD  PEES- 

8URB  RISE 

«  Z 

o  o 

•-4 

RATIO 
OCKET 
ECOND 

POPIL  DILATA- 

n D 

TIME 

TION  IN  SECONDS 

iVlllll- 

Begins 
in 

^§ 
t  £ 

z 

a  ^  m 

a 

metera 

seconds 

M 

*  2 

3.25 

Pocket  experiment  



90 

Positive  12.6 

8 

7 

42 

3 

Pocket  experiment  

90 

Positive  12.6 

8 

7 

42 

4 

0.3   cc.  adrenalin 
(1: 150,000)  injected. . 

4 

42 

5 

0.6  cc.  adrenalin 
(1:  150,000)  injected.. 

10 

■ 

42 

6 

0.5  cc.  adrenalin 
(1:  150,000)  injected.. 

8 

42 

7 

4.00 

6.4   cc.  adrenalin 
\L .  loUjUUU;  injeci/ea. . 

Both  major  splanch- 
nics  divided  in  ab- 

6 

42 

9 

4.05 

Clamped  abdominal 
aorta  and  coeliac  an'd 

90 

No 

No 

34 

mesenteric  arteries. . . 

62 

10 

Pocket  experiment  

90 

No 

No 

11 

Pocket  experiment  

90 

No 

No 

70 

12 

Pocket  experiment 
with  stimulation  of 

right  splanchnic  (off 

9 

60 

90 

Very  good  13.6 

25 

16 

P  n  r»  k  p  t,  experiment 
with  stimulation  of 

right  splanchnic  (off 

11 

60 

90 

Very  good  13. S 

25* 

18 

0.3   cc.  adrenalin 

27 

50 

(1:  150,000)  injected. . 

19 

0.2   cc.   adrena  in 

20 

50 

(1:  150,000)  injected. 

* 

20 

4.55 

Pocket  experiment 
with  stimulation  of 
right  splanchnic  (5 

(sees,    on,    5  sees. 

10 

40 

150 

Very  good  12. S 

« 
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TABLE  U— Continued 


a 

H 

S  10 

o  S 

2  HQ 

PUPIL  DILATA- 
TION IN  SECONDS 

BLOOD  PBES- 
TURE  RISE 

,  BLOOD 
SURE 

NO.  OF  01 
VATION 

TIME 

DURATIC 
POCKE 
SECON 

Milli- 
meters 

Begins 

in 
seconds 

INITIAL 
PRESI 

21 

P  0  ck  e  t  experiment 
with  stimulation  of 

right  splanchnic  (5 
sees,  on,  5 sees.  off). . . 

90 

Positive  16 

17 

11 

42 

22 

Pocket  experiment 
with  stimulation  of 

right  splanchnic  (5 
sees,  on,  5  sees,  off) . . . 

135 

Positive  16 

12 

11 

42 

Left  adrenal  weighed  0.185  gm.  and  contained  0.11  mgm.  epinephrin. 

Right  adrenal  weighed  0.200  gram  and  contained  0.09  mgm.  epinephrin. 

The  smaller  rise  of  pressure  in  observation  22  as  compared  with  20  and  21 


indicate  temporary  exhaustion. 

The  blood  pressure  at  the  end  was  48  mm.  The  pocket  was  allowed  to  fill  for 
2  min.   The  quantity  of  blood  in  it  was  1.01  gm. 

*  Curve  was  practically  an  exact  replica  of  that  obtained  in  observation  12, 
and  shown  in  figure  3. 

widening  of  palpebral  j&ssure)  on  release.  The  amount  of  epine- 
phrin liberated  during  the  stimulation  was  assayed  by  adrenalin 
observations,  auch  as  18  and  19,  at  0.0005  mgm.  per  minute  per 
kilo  of  animal.  In  comparing  this  amount  with  that  spon- 
taneously liberated  at  observation  2,  it  must  be  remembered 
that  only  one  splanchnic  was  stimulated  artificially,  and  that 
we  have  therefore  only  the  output  of  one  adrenal.  Further, 
the  splanchnic  stimulation  did  not  last  for  the  whole  period  of 
closure  of  the  pocket  and  the  nerve  was  really  only  stimulated 
for  half  the  nominal  time  of  excitation  (5  seconds  stimulation 
at  a  time,  always  succeeded  by  an  interval  of  5  seconds  rest). 
These  observations,  then,  form  no  exception  to  the  general  rule 
that  more  epinephrin  is  given  off  during  artificial  stimulation 
of  the  splanchnic  than  is  spontaneously  Hberated  in  the  same 
time.  Although  th  s  fact  would  indicate  that  it  might  be  easier 
to  demonstrate  the  liberation  of  epinephrin  by  artificial  stimula- 
tion of  the  sympathetica  in  the  thorax  after  section  of  the  major 
splanchnic,  than  its  spontaneous  liberation,  such  experiments 
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as  we  have  made  with  stimulation  of  the  sympathetic  have 
not  yielded  positive  results.  This  may  be  because  of  the  de- 
terioration of  the  condition  of  the  animal,  indicated  by  a  definite 


Fig.  14.    Cat  116. 

8,  pocket  experiment  showing  epinephrin  rise  after  releasing  the  pocket  (spon- 
taneous liberation).  5,  injection  of  0.6  cc.  adrenalin  (1:150,000).  6,  0.5  cc. 
of  same  solution.  9,  pocket  experiment  after  section  of  major  splanchnics  in 
abdomen.  No  evidence  of  epinephrin  liberation.  The  line  of  zero  pressure  is  just 
below  upper  signal  line. 

drop  in  the  blood  pressure,  when,  in  addition  to  the  rather  ex- 
tensive operation  in  the  abdomen  entailed  by  the  making  of 
the  cava  pocket,  the  thorax  is  opened  for  isolation  of  the  sym- 
pathetics.    It  is,  in  any  case,  not  at  all  difficult  to  understand 
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that  the  comparatively  slow  processes  which,  in  ElUott's  experi- 
ments on  cats  and  in  ours  on  dogs,  are  associated  with  exhaustion 
of  the  epinephrin  store  in  an  adrenal  whose  innervation  is 
intact,  should  produce  in  6  or  7  hours  very  distinct  changes, 
whereas  an  artificial  stimulation  lasting  for  two  or  three  minutes 
although  producing  an  effect,  might  not  cause  a  detectable  one. 

EFFECT  OF  ASPHYXIA  AND  STIMULATION  OF  SENSORY  NERVES 
UPON  THE  LIBERATION  OF  EPINEPHRIN 

It  has  been  shown  by  Elliott  (5)  that  stimulation  of  sensory 
nerves  causes  diminution  of  the  epinephrin  store  of  the  adrenals. 
Cannon  and  Hoskins  (7)  have  stated  that  stimulation  of  sensory 
nerves  and  asphyxia  produce  so  great  a  Hberation  of  epinephrin 
into  the  blood  that  blood  collected  from  the  inferior  cava  by  a 
catheter,  passed  into  it  from  the  femoral  vein,  gives  with  intesti- 
nal segments  marked  epinephrin  reactions.  We  have  made  some 
experiments  by  the  cava  pocket  method  to  test  the  question 
of  liberation  of  epinephrin  into  the  blood  during  electrical  stimu- 
lation of  afferent  nerves  and  during  asphyxia.  The  central 
end  of  the  brachial  nerve  was  used  for  stimulation,  since  with 
the  permanent  pocket  the  sciatic  is  not  available.  Asphyxia 
was  produced  by  closing  the  tracheal  cannula  for  longer  or  shorter 
periods  while  bloo^i  from  the  adrenals  was  being  collected  in  the 
pocket.  The  asphyxia  was  stopped  some  time  before  the  open- 
ing of  the  pocket  in  order  to  allow  the  blood  pressure  curve,  the 
respiratory  variations  in  which  were  of  course  enormously  in- 
creased during,  the  asphyxia,  to  become  more  nearly  normal. 
In  some  observations  the  tracheal  cannula  was  not  closed  until 
the  pocket  had  been  cHpped  off.  In  others  asphyxia  preceded 
the  closing  off  of  the  pocket  and  lasted  for  a  certain  time  during 
its  closure.  The  idea  was  that  if  asphyxia  was  producing  an 
increased  liberation  of  epinephrin,  and  the  effect  began  immedi- 
ately, the  former  set  of  observations  would  enable  blood  with  a 
maximum  content  of  epinephrin  to  be  collected,  whereas  if 
the  asphyxia  did  not  cause  its  maximum  effect  until  a  Httle 
time  had  elapsed,  blood  richer  than  normal  in  epinephrin  would 
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Still  be  caught  in  the  pocket  in  the  latter  set  of  observations. 
Nevertheless,  by  neither  modification  of  the  experiment  have 
we  been  able  to  find  any  definite  increase  in  the  epinephrin 
liberated  during  asphyxia  as  compared  with  that  liberated  in 
control  observations  in  which  the  animal  was  breathing  nor- 
mally. If  there  is  any  increase  at  all  in  such  relatively  short 
periods  of  asphyxia  as  can  be  employed  (up  to  about  2  minutes) 
it  is  too  small  to  give  an  unequivocal  difference  by  the  methods 
we  have  used.  With  stimulation  of  the  brachial  nerves  we  have 
not  obtained  any  increase  whatever.  The  experiments  are 
illustrated  by  a  condensed  protocol  of  one  of  them  given  in  table 
12,  and  by  specimens  of  the  tracings  reproduced  in  figures  15 
to  18. 

It  ought  in  fairness  to  be  stated  that  the  experiments  on  stimu- 
lation of  afferent  nerves  can  be  done  more  exactly  than  those 
on  asphyxia.  For  first,  the  blood  pressure  curve,  with  the 
restricted  circulation  entailed  by  the  making  of  a  permanent 
cava  pocket,  is  not  greatly  affected  by  stimulation  of  the  brachial, 
and  whatever  effect  is  produced  ceases  practically  with  the  stop- 
page of  stimulation,  so  that  any  epinephrin  rise  after  the  re- 
lease of  the  pocket  is  easily  detected.  Secondly,  the  eye  reac- 
tions, if  present  before,  are  still  available  after  brachial  stimu- 
lation. On  the  other  hand,  asphyxia  causes  great  distortion 
of  the  blood  pressure  curve  and  also  dilatation  of  both  pupils, 
so  that  the  pupil  reaction  of  the  denervated  eye  cannot  be  so 
easily  studied.  It  may  further  be  pointed  out  that  if  a  slightly 
greater  epinephrin  reaction  may  sometimes  appear  to  be  ob- 
tained in  an  asphyxia  observation  than  in  the  control,  the  more 
rapid  filhng  of  the  pocket  with  blood  due  to  the  increased  arterial 
pressure  during  the  asphyxia  might  account  for  the  difference. 

The  experiments  on  stimulation  of  the  brachial  cannot  be 
compared  with  Elliott's  observations  on  the  effect  of  prolonged 
afferent  stimulation  (several  hours)  in  causing  exhaustion  of 
the  epinephrin  store  of  the  adrenals.  In  any  case,  there  is  no 
reason  to  suppose  that  conditions  which  diminish  the  stock  of 
epinephrin  in  the  adrenals  must  necessarily  increase  the  rate  of 
liberation  of  that  substance  into  the  adrenal  veins.    The  diminu- 
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Fig.  15.    Cat  95 

•  4,  Pocket  with  brachial  stimulation.  6,  control  pocket  without  brachial 
stimulation.    Line  of  zero  pressure  moved  up  towards  the  curve  55  mm. 


Fig.  16.    Cat  95 

8,  Pocket  with  asphyxia.  Asphyxia  stopped  at  9,  pocket  opened  at  10.  11, 
control  pocket  without  asphyxia.    Line  of  zero  pressure  moved  up  50  mm. 
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tion  in  the  stock  may  be  due  to  interference  with  formation  of 
the  substance.  On  the  other  hand,  our  observations  ought  to 
be  capable  of  comparison  with  those  of  Cannon  and  Hoskins 
on  the  Uberation  of  epinephrin  into  the  blood  since  they  also 
used  short  periods  of  stimulation  of  sensory  nerves  and  of  asphyxia. 
The  difference  between  their  results  and  ours  is  puzzling.  It 
cannot  depend  upon  the  greater  sensitiveness  of  the  method 


Fig.  17.    Cat  95 

Adrenalin  assay.  17,  0.8  cc.  of  1:125,000  adrenalin  injected.  18,  0.4  cc; 
19,  0.5  cc. ;  W,  0.6  cc.  of  the  same  solution.  Line  of  zero  pressure  moved  up  45  mm. 


adopted  by  them  (the  rabbit's  intestine  segment  method  first 
employed  by  one  of  us  (S)  (8),  and  by  Hoskins  (9)  ).  For  we  v 
obtain  positive  epinephrin  reactions  from  cava  pocket  blood 
collected  without  asphyxia  or  electrical  stimulation  of  afferent 
nerves,  whereas  Cannon  and  Hoskins  state  that  cava  blood  taken 
by  the  catheter  without  asphyxia  or  sensory  stimulation  caused 
no  inhibition  of  the  intestinal  segments,  although  blood  collected 
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from  the  catheter  during  asphyxia  and  sensory  stimulation  caused 
marked  inhibition  of  the  segments.  It  is,  of  course,  possible 
that  with  the  more  extensive  operation  in  our  observations  the 
spontaneous  discharge  of  epinephrin  is  ah-eady  so  much  in- 
creased that  there  is  no  room  for  a  detectable  increase  by  as- 
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Fig.  18.    Cat  95 

Asphyxia  begun  at  22;  stopped  at  24.  Pocket  closed  at  23,  opened  at  25 
26,  control  pocket  experiment  without  asphyxia.  Line  of  zero  pressure  moved 
up  45  mm. 

phyxia,  etc.  Tscheboksaroff  (1)  concluded  that  "the  increase  of 
blood  pressure  caused  by  stimulation  of  a  sensory  nerve  (sciatic) 
has  no  effect  on  the  quantity  of  secreted  adrenalin."  In  his 
experiments  also  the  operative  procedure  was  more  severe  than 
in  those  of  Cannon  and  Hoskins. 
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TABLE  12 

Condensed  protocol  of  experiment  on  cat  95.  Weight,  3.275  kg.  Left  superior 
cervical  ganglion  excised  39  days  before  the  experiment.  Urethane,  4  grams. 
Permanent  cava  pocket  prepared  xvith  ligation  of  arteries.  Both  vagi  divided. 
Cannula  in  carotid,  external  jugular  and  trachea. 


DURATION  OF 
POCKET  IN 
SECONDS 

PUPIL  DILITATION  IN 
SECONDS 

BLOOD 
SURE 

Milli- 

mpt.flrs 

PRES- 
RISE 

Begins 

in 
seconds 

INITIAL  BLOOD 
PRESSURE 

50 

Positive  7 

10 

7 

150 

55 

i  OSlLlVc  U 

19 

A 
\} 

146 

62 

r^ositive  / .  0 

1  9 

7 

136 

64 

Positive  6.4 

1  9 

D 

132 

60 

Positive  6 . 6 

12 

7 

138 

60 

Positive  11 

* 

100 

Positive  6.2 

13 

8 

140 

100 

Positive  6.4 

11 

8 

141) 

23 

loU 

8 

128 

12 

130 

17 

132 

105 

Positive  7.2 

20 

8 

140 

105 

Positive  9.2 

20 

9 

130 

90 

Too  wide 

6 

15 

90 

90 

Both  dilated. 

7 

15 

100 

120 

Slight  17.6 

9 

12 

108 

100 

Slight  14 

10 

20t 

114 

H 

O  ^ 


1, 

2 
3 

t 

4 

5 
6 
7 

8-10 

11 
17 

18 

19 

20 
•:22-25 

26 

27 
28-31 

32-34 

38 


(1 


0.4 


Pocket  experiment  

Pocket  experiment  

Pocket  experiment  with 
stimulation  of  brachial. . 
Pocket  experiment  with 
stimulation  of  brachial. . . 

Pocket  experiment  

Gave  ether  

Pocket  experiment  with 

asphyxia  

Pocket  experiment  with 
asphyxia  for  1  minute. . . . 

Pocket  experiment  

0.8    cc.  adrenalin 

125,000)  

cc.    a  d  r  e  n  a  1  i 

125,000)  

cc.    a  d  r  e  n  a  1  i 

125,000)  

cc.  adrenalin 

(1:  125,000)  

Pocket  experiment  with 
asphyxia  begun  before 
closing  pocket  and  last- 
ing 1  minute  

Pocket  experiment  

Cut  both  major  splanch- 

nics  in  abdomen  

Pocket  experiment  

Pocket  experiment  with 

asphyxia  

Pocket  experiment  with 
brachial  stimulation  — 
Pocket  experiment  


(1: 


0.5 


(1: 


0.6 


*  The  rise  present  was  disturoea  oy  wie  Hpuuuaii^w^o  .  - 

pressure  from  the  ether  depression  so  that  the  amount  of  the  rise  could  not  be 

"^^T Thrbeginning  of  the  small  fall  of  pressure  which  precedes  the  rise  in  the 
-epinephrin  reaction  is  what  is  given  in  this  column  in  all  observations,  except 
•38,  in  which  the  cusp  was  absent. 
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TABLE  12— Continued 


Pocket  experiment  

Both  semilunar  ganglia 
freed  from  strands  com- 
ing to  them 

Pocket  experiment  

Pocket  experiment  with 
stimulation  of  brachial 

Now  allowed  pocket  to  fill 
for  2  min.,  50  sees. 
Quantity  of  blood  in 
pocket  1.32  grams. 


09 

w  z 

O  » 
P<  (0 


120 

120 
165 


P0PIL  DILATATION  IN 
SECONDS 


Fair  12.6 

No 
No 


BLOOD  PRES- 
SURE RISE 


Milli- 
meters 


16 

No 

No 


Begins 

in 
seconds 


13 


a 

§« 

J  OS 

n  D 
^  « 


114 

68 
70 


Left  adrenal  weighed  0.200  gram  and  contained  0.17  mgm.  epinephrin. 
Right  adrenal  weighed  0.208  gram  and  contained  0.18  mgm.  epinephrin. 


SUMMARY 

1.  The  spontaneous  liberation  of  epinephrin  has  been  studied 
(in  the  cat)  by  means  of  the  (denervated)  eye  reactions  and  the 
blood  pressure  changes  caused  by  blood  from  the  adrenals  when 
permitted  to  pass  into  the  circulation  from  a  pocket  of  the 
vena  cava  in  which  it  has  been  collected  in  known  amounts 
and  for  known  periods  of  time. 

2.  Since  the  blood  is  not  withdrawn  from  the  vessels  the  un- 
certainty introduced  by  the  rapid  development  in  the  blood 
of  pressor  bodies  which  simulate  the  action  of  epinephrin  on 
some  of  the  objects  most  generally  used  in  biological  tests  for 
that  substance,  is  eliminated. 

3.  The  simultaneous  observation  of  the  eye  reactions  greatly 
aids  in  the  interpretation  of  the  blood  pressure  curves  when 
the  amount  of  epinephrin  is  small. 

4.  The  approximate  assay  (without  withdrawal  of  blood) 
of  the  epinephrin  in  the  blood  collected  in  the  cava  pocket 
from  the  adrenals,  by  the  injection  of  varying  doses  of  adrenalin 
generally  presents  no  difficulty.  It  must  be  repeated  from  time 
to  time  in  the  course  of  an  experiment  when  the  condition  of 
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the  animal  changes.  The  amount  of  epinephrin  spontaneously 
hberated  in  cats  was  found  to  vary  in  different  experiments  within 
a  rather  narrow  range  considering  the  differences  in  the  condi- 
tions (from  0.0008  to  0.0028  mgm.  per  minute  per  animal,  or 
from  0.0003  to  0.001  mgm.  per  minute  per  kilo  of  animal. 

5.  After  section  of  both  sympathetic  trunks  in  the  thorax 
near  the  diaphragm,  including  the  major  splanchnics,  the  spon- 
taneous liberation  of  epinephrin  is  completely  abohshed.  Divi- 
sion of  the  major  splanchnics  in  the  abdomen  does  not  neces- 
sarily cause  total  cessation  of  the  secretion  in  all  cats.  In  one 
animal  a  detectable  amount  was  still  liberated  but  the  liberation 
was  entirely  stopped  when  all  the  fibers  coming  to  the  semilunar 
gang' ion  were  cut. 

6.  The  fal  of  blood  pressure  caused  by  section  of  both  splanch- 
nics has  nothing  to  do  with  the  failure  of  the  adrenals  to  liberate 
epinephrin.  For  when  the  nerves  of  the  right  gland  are  alone 
divided  and  the  left  adrenal  vein  cUpped,  the  blood  col'ected 
from  the  right  adrenal  in  the  cava  pocket  jdelds  no  epinephrin 
reactions  on  release  of  the  pocket. 

7.  Although,  as  is  known,  cats  survive  indefinitely  the  re- 
moval of  one  adrenal  and  division  of  the  nerve  supply  of  the 
other,  no  detectable  epinephrin  was  found  in  the  blood  coming 
from  the  remaining  adrenal  5  weeks  after  the  operation.  Good 
reactions  were  obtained  on  massaging  the  gland. 

8.  No  increase  in  the  epinephrin  hberation  was  detectable 
when  sensory  nerves  (brachial)  were  stimulated.  If  any  in- 
crease was  produced  by  asphyxia  in  our  observations  it  was  very- 
slight. 
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The  alleged  exhaustion  of  the  epinephrin  store  in  the  adrenal  by 

emotional  disturbance. 

By  G.  N.  Stewart  and  J.  M.  Rogoff. 

[From  the  H.  K.  Gushing  Laboratory  of  Experimental  Medicine  of 
Western  Reserve  University.] 

1.  It  has  been  stated  that  a  marked  diminution  in  the  store  of 
epinephrin  in  the  adrenal  gland  is  associated  with  various  kinds  of 
emotional  excitation.  Thus  ElUott^  speaks  of  morphin-" fright" 
in  cats  causing  exhaustion  of  a  gland  whose  splanchnic  nerve 
supply  is  intact,  as  compared  with  the  other  adrenal  whose  splanch- 
nic supply  has  been  previously  severed.  We  can  confirm  his 
statement  as  to  the  difference  in  the  content  produced  under  the 
influence  of  morphin  but  we  do  not  think  that  fright  has  anything 
to  do  with  the  result  since  it  is  also  obtained  in  dogs  where  there 
are  no  signs  of  fright. 

2.  The  signs  of  morphin- "fright"  can  all  be  elicited  by  ad- 
ministering morphin  to  a  cat  in  which  one  adrenal  has  been  re- 
moved and  the  splanchnic  supply  of  the  other  cut  and  in  which 
accordingly  no  demonstrable  liberation  of  epinephrin  through  the 
splanchnics  takes  place.  A  cat  in  this  condition  behaves  identi- 
cally in  the  same  way  as  a  cat  whose  adrenal  splanchnic  supply 
has  been  cut  on  one  side  but  left  intact  on  the  other.  The  pupils 
are  widely  dilated  and  there  is  the  same  characteristic  restlessness 
and  incessant  movement.  The  content  of  epinephrin  in  the  re- 
maining adrenal  of  the  first  cat  is  found  to  be  practically  the  same 
as  that  of  the  adrenal  removed  before  the  administration  of  mor- 
phin while  the  content  of  the  adrenal  with  intact  splanchnic 
supply  in  the  second  cat  is  definitely  diminished. 

3.  When  a  cat  with  the  splanchnic  supply  of  one  adrenal  cut  is 
frightened  for  many  hours  by  a  dog  in  which  also  the  splanchnic 

*  Journal  of  Physiology,  1912,  44,  p.  374, 
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supply  of  the  adrenal  has  been  divided  on  one  side  both  animals 
undoubtedly  experience  emotions  of  great  intensity.  Neverthe- 
less the  content  of  epinephrin  in  the  gland  whose  nerve  supply  is 
intact  is  not  sensibly  diminished  as  compared  with  the  other. 

4.  We  can  confirm  the  statement  that  |8-tetrahydronaphthy- 
lamine  causes  in  cats  extreme  exhaustion  of  the  epinephrin  store 
of  an  adrenal  whose  nerve  supply  is  intact  as  compared  with  its 
fellow  whose  nerve  supply  has  been  previously  severed.^  Elliott 
associates  this  with  the  emotional  "alarm."  We  have  attempted 
to  test  this  interpretation  by  making  observations  on  rabbits.^ 
We  have  not  seen  nearly  as  great  a  degree  of  exhaustion  in  this 
animal  as  in  the  cat.  This  might  be  interpreted  as  in  favor  of 
Elliott's  view,  since  signs  of  "emotional"  disturbance  are  also  less 
marked  in  the  rabbit,  although  great  dilatation  of  the  pupil,  in- 
creased respiration  and  other  symptoms  are  present,  which,  ac- 
cording to  Mutch  and  Pembrey^  "give  the  impression  that  the 
drug  produces  a  state  of  increased  psychic  activity  accompanied 
by  muscular  action  appropriate  to  the  emotions."  It  seems  to 
us,  however,  more  natural,  considering  our  results  with  morphin 
and  "frightening"  without  drugs  to  interpret  the  greater  effect  on 
the  epinephrin  content  in  the  cat  as  due  to  some  other  action  of 
the  drug  than  the  hypothetical  emotional  disturbance. 

We  determined  the  epinephrin  content  by  the  colorimetric 
method  of  Folin,  Cannon  and  Denis,  which  we  found  to  agree 
sufficiently  well  with  blood  pressure  observations  on  the  pithed  cat. 

1  Elliott,  loc.  cit. 

2  Division  of  the  nerves  to  one  adrenal  is  complicated  in  the  rabbit  by  the  fact 
that  the  right  adrenal  seems  to  derive  a  portion  of  the  nerve  supply  concerned  in 
changes  in  the  epinephrin  store  from  the  left  splanchnic  (Kahn,  Archiv  fiir  die 
gesammte  Physiologic,  191 1,  CXL,  209;  Nishi,  Archiv  fUr  Exper.  Path.  u.  Pharmakol.. 
1909,  LXI,  401).  We  therefore  tried  to  eliminate  the  nervous  connections  of  the 
left  adrenal  by  dividing  all  branches  going  to  it  from  the  celiac  ganglion  and  in 
addition  cutting  any  strands  from  the  lumbar  sympathetic  and  the  sympathetic 
itself  below  the  diaphragm. 


[Reprinted  from  The  Journal  or  Experimental  Medicine,  December  1,  1916, 

Vol.  xxiv,  No.  6,  pp.  709-738.] 


THE  INFLUENCE  OF  CERTAIN  FACTORS,  ESPECIALLY 
EMOTIONAL  DISTURBANCES,  ON  THE  EPINEPH- 
RIN  CONTENT  OF  THE  ADRENALS.* 

By  G.  N.  STEWART,  M.D.,  and  J.  M.  ROGOFF,  M.D. 

{From  the  H.  K.  Gushing  Laboratory  of  Experimental  Medicine,  Western  Reserve 

University,  Cleveland.) 

(Received  for  publication,  July  31,  1916.) 

In  a  study,  mainly  in  cats,  of  the  epinephrin  discharge  caused 
by  electrical  stimulation  of  the  splanchnic  nerves^  we  were  led  to 
consider  the  question  whether  the  amount  of  epinephrin  liberated 
by  a  given  strength  and  duration  of  stimulation  is  related  to  the 
store  of  epinephrin  already  present  in  the  adrenals,  or  is  independent 
of  that  store.  Desiring  to  compare  the  amount  Hberated  in  animals 
whose  content  was  presumably  high  with  the  amount  liberated  in 
animals  whose  content  was  presumably  low,  we  tried  to  exhaust 
the  store,  as  far  as  possible,  before  the  experiment  on  the  liberation 
was  made,  by  some  of  the  procedures  which  according  to  Elliott^ 
cause  diminution  of  the  epinephrin  load.  Morphine  was  tried  and 
also  /3-tetrahydronaphthylamine,  since  ElHott  states  that  these  drugs 
produce  marked  exhaustion.  But  as  in  cats  they  also  cause  wide 
dilatation  of  the  pupil,  and  we  were  using  the  eye  reactions  as 
one  of  the  criteria  of  the  presence  of  epinephrin  in  the  blood,  we 
eventually  had  recourse  to  frightening  the  cat  by  a  dog.  ElHott 
attributes  the  loss  of  epinephrin  from  the  glands,  induced  by  mor- 
phine and  iS-tetrahydronaphthylamine,  to  the  fright  occasioned  in 
cats  by  these  substances.  But  he  did  not  make  any  experiments 
on  the  effect  of  actual  fright,  although  he  says  that  "the  most  direct 

*  A  preliminary  note  was  published  in  Proc.  Soc.  Exp.  Biol,  and  Med.,  1916, 
xiii,  184. 

1  Stewart,  G.  N.,  Rogoff,  J.  M.,  and  Gibson,  F.  S.,  /.  Pharm.  and  Exp.  Therap., 
1916,  viii,  205. 

«  EUiott,  T.  R.,  /.  Physiol.,  1912,  xliv,  374. 
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method  of  analysis  would  be  that  of  inducing  emotional  fear  at  once, 
as  by  vexing  the  cat  with  a  dog."  He  refers  to  the  experiments  of 
Cannon  and  de  la  Paz^  as  supplying  evidence  of  that  nature,  since 
"they  showed  that  the  emotion  of  anger  or  fear  is  associated  with 
the  appearance  of  adrenalin  in  the  blood  from  a  cat's  suprarenal 
vein."  We  do  not  see  that  an  increased  liberation  of  epinephrin  into 
the  blood  would  necessarily  imply  a  diminution  in  the  epinephrin 
store  of  the  glands.  Elliott  himself  has  given  an  instance  of  epi- 
nephrin liberation  into  the  blood  without  any  change  in  the  store; 
namely,  the  liberation  caused  by  electrical  stimulation  of  the  splanch- 
nics.  We  shall  produce  evidence  in  another  section  of  the  paper  that 
splanchnic  stimulation  can  induce  exhaustion  of  the  epinephrin 
store,  although  far  less  easily  than  morphine,  etc.  It  is,  however, 
certain  that  a  considerable  amount  of  epinephrin  can  be  discharged 
into  the  blood  as  a  result  of  electrical  stimulation  of  the  splanchnics 
without  any  appreciable  diminution  being  produced  in  the  store. 
Indeed,  the  epinephrin  passes  into  the  blood  at  a  more  rapid  rate 
than  when  procedures  which  distinctly  exhaust  the  store  (ether 
anesthesia,  morphine,  etc.)  are  employed.  The  load  of  epinephrin 
present  at  any  given  time  in  an  adrenal  would  seem  merely  to  rep- 
resent the  balance  between  formation  and  excretion,  its  absolute 
amount  giving  no  index  of  the  rapidity  with  which  the  epinephrin 
is  built  up  and  given  off.  Accordingly,  even  if  it  is  assumed  that 
fright  causes  increased  Kberation  of  epinephrin  into  the  blood,  the 
question  still  remains  open  whether  the  stock  in  the  glands  is 
diminished. 

As  a  matter  of  fact,  we  did  not  find  that  in  frightened  cats  the 
amount  of  epinephrin  which  could  be  excreted  into  the  blood  in  re- 
sponse to  splanchnic  stimulation  was  less  than  in  animals  in  which 
the  experiments  were  made  in  the  usual  way  without  preliminary 
frightening.  Nor  did  the  assay  of  the  epinephrin  in  the  adrenals 
at  the  end  of  the  experiment  indicate  that  the  stock  had  been  appreci- 
ably exhausted  by  the  frightening.  This  induced  us  to  make  some 
observations  on  the  influence  of  emotional  disturbances  on  the  epi- 
nephrin content.    The  content  was  assayed  by  the  method  of  Folin, 

*  Cannon,  W.  B.,  and  de  la  Paz,  D.,  Am.  J.  Physiol.,  1911,  xxviii,  64. 
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Cannon,  and  Denis."  They  compared  the  colorimetric  method  with 
the  blood  pressure  method  in  pithed  cats  as  described  by  Elliott 
and  state  that  the  two  methods  gave  the  same  results.  We  made 
comparisons  in  two  experiments  and  found  also  a  suflSciently  close 
agreement.  We  used  Ringer  extracts  of  adrenals  and  also  add 
extracts  prepared  according  to  the  directions  of  Folin.  Cannon,  and 
Denis. 

The  colorimetric  method  proved  to  be  satisfactory  for  the  com- 
parative estimations  with  which  we  were  alone  concerned.  Where 
only  small  differences  in  the  depth  of  the  tint  of  the  extracts  of  the 
two  glands  were  present,  we  always  checked  the  determinations 
with  the  standard  by  an  observation  in  which  the  extracts  of  the 
two  glands  were  directly  compared  with  each  other  in  the  Duboscq 
colorimeter.  The  determination  was  always  completed  within  3 
minutes,  at  most,  after  addition  of  the  sodium  carbonate  solution. 

Elliott  states  that  animals  killed  without  section  of  the  nerve  supply 
of  one  adrenal  show  equality  of  load  in  the  two  glands.  We  have 
seen  abundant  confirmation  of  this  statement,  although  occasionally 
a  difference  well  beyond  the  limits  of  error  of  the  epinephrin  assay 
exists,  possibly  more  frequently  in  dogs  than  in  cats  (Table  I).  A 
similar  equality  was  found  in  animals  dying  spontaneously,  either  of 
disease  or  after  operations  (Tables  XIII  and  XIV)  when  the  nerves 
of  both  glands  were  intact. 


TABLE  I. 


Species. 

Weight  of  adrenal. 

Epinephrin. 

Remarks. 

Left. 

Right. 

Left. 

Right. 

gm. 

gm. 

mg. 

mg. 

Dog. . . . 

0.355 

0.354 

0.51 

0.51 

Killed  with  amyl  nitrite  and  ether. 

t< 

1.485 

1.720 

1.64 

1.80 

"      by  bleeding  from  carotids. 

Thyroid  operation  24  lirs.  pre\aousIy. 

Cat 

0.238 

0.231 

0.30 

0.26 

Killed  by  chloroform. 

(< 

0.241 

0.227 

0.30 

0.30 

Shot  through  head. 

*  Folin,  0.,  Cannon,  W.  B.,  and  Denis,  W.,  /.  Biol.  Chem.,  1912-13,  xiii,  477. 
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TABLE  n. 


No.  of  animal. 

Weight  of  adrenal. 

Epinephrin. 

Time  after 
operation. 

Duration  of 
fright. 

Left. 

Right. 

Left. 

Riffht 

gm. 

gm. 

mg. 

w?. 

days 

hrs. 

Cat  1 

0.261 

0.224 

0.28 

0.22 

5 

5 

"  2  

0.326 

0.250 

0.24 

0.25 

5 

5i 

(C  'J 

0.225 

0.197 

0.20 

0.16 

6 

6 

"  4  

0.170 

0.176 

0.20 

0.18 

14 

5i 

"  5  

0.210 

0.221 

0.25 

0.24 

10 

5 

"  6  

0.165 

0.188 

0.14 

0.15 

33 

5 

"  7  

0.154 

0.156 

0.16 

0.18 

33 

5 

"  8  

0.200 

0.196 

0.16 

0.15 

33 

5 

Dog  1*  

0.450 

0.480 

0.67 

0.67 

8 

5 

"  2t  

0.625 

0.621 

1.00 

0.92 

5 

5 

*  No.  1  was  a  small  dog. 

t  No.  2  was  a  large  male  dog.  Wound  infected  superficially.  Infection  did 
not  extend  into  the  abdomen. 


Influence  of  Emotions  on  the  Epinephrin  Store  of  the  Adrenals. 

In  Table  II  the  results  of  eight  experiments  on  cats  and  two  on 
dogs  are  given.  In  the  cats  all  the  fibers  coming  to  the  left  semi- 
lunar ganglion,  including  the  major  and  minor  splanchnics,  had  been 
divided  according  to  Elliott's  method.  All  operations  were,  of 
course,  performed  under  ether  anesthesia.  Control  experiments  with 
morphine  and  with  /3-tetra  showed  that  we  invariably  produced  with 
these  drugs  the  differential  action  on  the  two  adrenals  described  by 
Elliott.  Confirmatory  evidence  of  the  correctness  of  our  technique 
was  afforded  by  the  marked  differential  effect  observed  in  a  number 
of  the  cats  which  died  from  various  causes  (Table  XIV).  It  can. 
accordingly,  be  assumed  with  confidence  that  the  innervation  of  the 
left  adrenal  in  the  cats  used  for  the  experiments  was  eliminated 
sufficiently  to  show  definite  differential  exhaustion  of  the  right,  had 
the  emotional  disturbance  been  really  associated  with  exhaustion. 

Also,  the  length  of  time  between  the  operation  and  the  emotion  experiment 
was  sufl&cient  to  allow  equality  of  load  to  be  reestablished  after  the  postoperative 
depletion  of  the  unprotected  adrenal,  as  was  shown  by  control  observations. 
For  example,  Cat  9  was  killed  suddenly  4  days  after  section  of  the  fibers  coming 


G.  N.  STEWART  AND  J.  M.  ROGOFF 


713 


Lo  the  left  semilunar  ganglion.  The  left  adrenal  weighed  0.330  gm.  and  contained 
0.37  mg.  of  epinephrin;  the  right  weighed  0.350  gm.  and  contained  0.37  mg.  Cat 
10  was  suddenly  killed  33  days  after  section  of  the  fibers  coming  to  the  left  semi- 
lunar ganglion.  The  left  adrenal  weighed  0.186  gm.  and  contained  0.17  mg.  of 
epinephrin;  the  right  weighed  0.200  gm.  and  contained  0.17  mg.  of  epinephrin. 

The  animals  were  subjected  to  emotional  excitation  for  5  to  6  hours  by  the 
presence  of  barking  dogs.  For  this,  the  cats  were  enclosed  in  small  cages  so 
constructed  that  it  was  impossible  for  the  dog  to  inflict  physical  injury  upon  the 
cat  or  to  come  in  contact  with  it.  The  stimulation  of  ordinary  sensory  nerves  was 
thus  excluded  as  a  factor.  One  of  the  observers  personally  took  charge  of  the 
experiment  from  beginning  to  end.  Of  course,  the  emotions  included  fright, 
anger,  fear,  etc.,  the  cats  showing  fight  from  time  to  time.  The  usual  signs  of 
sympathetic  stimulation,  dilatation  of  the  pupil,  erection  of  the  hairs  of  the  back 
and  tail,  etc.,  were  naturally  strongly  elicited. 

In  some  experiments  dogs  previously  prepared  by  interference  with 
the  innervation  of  one  adrenal  were  used  to  frighten  prepared  cats, 
two  experiments  on  emotional  disturbance  being  thus  done  with  the 
same  trouble  as  one.  Control  experiments  with  morphine  (Table  III) 
showed  that  the  operations  selected  permitted  a  good  differential 
effect,  and  this  was  confirmed  in  the  case  of  prepared  dogs  dead  of 
infections  (pneimionia)  (Table  XIV). 

In  Dog  2  (Table  II)  the  left  major  and  minor  splanchnics  were  cut  in  the 
abdomen.  In  Dog  1  the  same  nerves  were  divided,  but,  in  addition,  nerve  strands 
coming  towards  the  left  adrenal  from  the  lumbar  sympathetic  chain  were  severed. 

It  was  shown  by  experiments  with  morphine  that  in  dogs  division  of  the  major 
and  minor  splanchnics  suffices  to  give  a  differential  effect.  In  some  of  our  animals, 
however,  to  be  certain  that  enough  of  the  innervation  had  been  eliminated,  we 
excised  in  addition  the  two  lumbar  ganglia  next  below  the  diaphragm  and  cut 
any  strands  seen  coming  from  the  lumbar  sympathetic  chain.  In  two  of  the 
animals,  three  lumbar  ganglia  were  removed,  including  one  above  the  diaphragm, 
which  was  perforated  for  the  purpose.  Not  all  these  animals  were  employed 
for  the  observations  on  emotion;  but  to  save  repetition  the  operations  used  also 
for  the  morphine  experiments,  to  be  discussed  in  the  next  section,  are  given  here. 
Some  of  the  morphine  experiments  are  mentioned  in  this  section,  since  they 
serve  as  controls  to  show  that  the  operations  relied  on  were  effective. 

It  was  found  that  section  of  the  major  splanchnic  only  was  not  sufficient  to 
give  differential  protection  against  exhaustion  of  the  epinephrin  store  under 
morphine  (Dog  9,  Table  III).  Individual  variations,  of  course,  possibly  exist  in 
different  dogs  in  this  regard.  In  a  dog  (No.  17,  Table  XIV)  dead  of  pneumonia, 
13  days  after  division  of  the  left  major  splanchnic,  the  right  gland  removed  after 
death  was  found  to  be  exhausted  relatively  to  the  left  (0.31  mg.  of  epinephrin  as 
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compared  with  0.50  mg.).  In  another  dog  (No.  18)  also  dead  of  pneumonia,  14 
days  after  section  of  the  left  major  and  minor  splanchnics,  excision  of  the  two 
lumbar  ganglia  immediately  below  the  diaphragm,  and  section  of  the  strands  going 
to  the  semilunar  ganglion,  marked  protection  of  the  load  of  the  left  adrenal  as 
compared  with  the  right  was  found  (0.30  mg.  in  the  left,  0.08  mg.  in  the  right). 

There  is  no  doubt  then,  that  the  operations  practised  by  us  would 
have  sufiiced  to  reveal  a  relative  exhaustion  of  the  epinephrin  store 
in  the  gland  with  the  intact  nerve  supply  under  the  influence  of 
emotions,  had  such  emotions  been  capable  of  causing  exhaustion. 

It  will  be  seen  from  Table  II  that  neither  in  the  cats  nor  in  the  dogs 
is  there  any  clear  and  constant  deficiency  in  the  epinephrin  load  of 
the  right  (still  innervated)  adrenal  as  compared  with  the  left  (dener- 
vated)  gland.  A  difference  of  the  same  order  of  magnitude  as  that 
in  Cat  1  may  occasionally  be  seen  in  cats  suddenly  killed  without 
operation  (Table  I).  Our  experiments  yield  no  evidence  that  under 
emotional  stress  epinephrin  is  poured  out  into  the  blood  in  such 
quantities  as  to  produce  a  decided  impression  upon  the  epinephrin 
store.  In  observations  on  the  spontaneous  liberation  of  epinephrin 
under  experimental  conditions,^  we  were  struck  by  the  steadiness 
rather  than  by  the  mobility  of  the  rate  of  discharge.  Attempts  to 
produce  acute  changes  in  the  rate  in  various  ways  were  always  with- 
out success.  We  were  never  fortunate  enough  to  test  adrenal  vein 
blood  at  a  moment  when  an  outburst  was  taking  place. 

Whether  experiments  on  the  epinephrin  content  of  the  adrenals 
under  the  influence  of  emotional  disturbance  continued  for  a  much 
longer  time  would  yield  a  different  result,  we  have,  of  course,  no 
evidence.  If  the  rate  at  which  epinephrin  passes  into  the  blood  were 
increased  by  fright  it  is  conceivable  that  the  rate  at  which  it  is  built 
up,  accelerated  at  first  to  keep  the  balance  even,  would  eventually 
decline,  thus  permitting  a  deficiency  in  the  load  to  be  established. 

Is  the  Morphine  Depletion  in  Cats  Due  to  Fright?— li  emotion  per 
se  does  not  cause  exhaustion  of  the  epinephrin  store  the  question 
at  once  arises  whether  the  morphine  effect  in  cats  ought  to  be  attrib- 
uted to  associated  fright  or  to  some  other  action  of  the  drug.  An 
easy  way  of  testing  this  was  afforded  by  the  well  known  difference 

5  Stewart,  G.  N.,  and  Rogoff,  J.  M.,  /.  Pharm.  and  Exp.  Thcrap.,  1916,  viii,  479. 
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in  the  action  of  morphine  upon  cats  and  dogs.  In  dogs  no  signs  of 
fright  are,  of  course,  produced.  What  happens,  then,  to  the  epi- 
nephrin  load  of  the  unprotected  adrenal  in  dogs,  as  compared  with 
that  of  the  denervated  gland,  when  morphine  is  administered? 
Elliott's  result  on  morphinized  cats  is  easily  confirmed,  but  it  is 
scarcely  more  difificult  to  prove  that  the  same  qualitative  result  is 
obtained  on  dogs.  Accordingly  we  do  not  think  that  fright  has  any- 
thing to  do  with  the  morphine  efifect  in  cats. 

TABLE  in. 


Morphine  Effect  on  Epinephrin  Store  in  Dogs. 


No.  of 
animal. 

Weight  of 
adrenal. 

Epinephrin. 

Time 
after 
opera- 
tion. 

Mor- 
phine. 

Dura- 
tion of 
mor- 
phine 
action. 

Nerves  cut. 

Left. 

Right. 

Left. 

Right. 

tm. 

gm. 

mg. 

mg. 

days 

mg. 

hrs. 

.3 

0.468 

0.506 

0.83 

0.67 

3 

125* 

7 

Major  and  minor  splanchnics. 

4 

0.430 

0.384 

0.67 

0.37 

4 

125 

8i 

«       «       It  « 

5 

0.280 

0.284 

0.36 

0.23 

10 

ISO 

8 

U           ((           «  n 

6 

0.372 

0.420 

0  42 

0.30 

IS 

75 

8 

<(        «        «  11 

and  2  lumbar  ganglia  and 

chain  excised  below  dia- 

phragm. 

7 

0.550 

0.565 

0.30 

0.21 

11 

80 

8 

Major  and  minor  splanch- 

nics, 2  gangUa  below,  and  1 

above  diaphragm. 

8 

0.711 

0.754 

0.97 

0.98 

150 

'  3 

Control.    No  operation. 

9 

0.435 

0.466 

0.50 

0.50 

10 

150 

8 

Major  splanchnic  only. 

10 

0.346 

0.380 

0.33 

0.27 

12 

150 

8 

Only  major  splanchnic  cer- 

tainly cut. 

*  Morphine  was  given  in  two  doses  in  all  the  animals,  except  No.  3,  in  which 
it  was  given  in  one  dose. 


Table  III  illustrates  the  results  obtained  with  morphine  in  dogs. 
Remembering  that  section  of  the  major  splanchnic  alone  does  not 
protect,  or  at  least  not  constantly  (Dogs  6  and  7),  the  reader  will 
see  that  there  is  uniformly  a  definite  deficiency  of  epinephrin  in  the 
right  (innervated)  gland  as  compared  with  the  left  (denervated) 
gland.  A  control  animal  (No.  8)  morphinized  for  7^  hours  (without 
operation)  had  an  equal  load  in  the  two  adrenals. 


716 


EPINEPHRIN  CONTENT  OF  ADRENALS 


TABLE  rv. 
Control  Dogs  Suddenly  Killed. 


No.  of 
animal. 

Weight  of 
adrenal. 

Epinephrin. 

Time  after 
operation. 

Nervei  cut. 

Left. 

Right. 

Left. 

Right. 

gm. 

gm. 

mg. 

mg. 

11 

0.640 

0.627 

1.50 

1.20 

20  hrs. 

Major  and  minor  splanchnics. 

12 

0.400 

0.408 

0.72 

0.72 

9  days. 

tc            ((            it  (( 

13 

0.640 

0.550 

0.83 

0.83 

4  " 

«             U             11  il 

In  Table  IV  results  are  shown  on  control  dogs,  with  major  and  minor 
splanchnics  cut,  which  were  killed  without  being  subjected  to  the  action 
of  morphine.  The  load  in  the  two  adrenals  is  seen  to  be  equal,  ex- 
cept in  Dog  11,  which  was  killed  20  hours  after  the  operation.  In  this 
animal,  as  will  be  shown  in  the  section  on  the  postoperative  deficit, 
the  deficiency  in  the  right  (unprotected)  adrenal  no  doubt  represents 
merely  the  deficiency  invariably  seen  after  an  operation  and  which 
has  not  been  recouped  in  the  short  interval  of  20  hours. 

That  signs  which  might  be  interpreted  as  those  of  fright  are  present 
in  cats  under  morphine  is,  of  course,  not  doubtful.  Whether  this 
interpretation  is  correct  might  be  difficult  to  decide,  and  does  not 
concern  us  here.  It  is,  however,  of  interest  to  note  that  epineph- 
rin seems  to  have  nothing  to  do  with  those  signs. 

The  signs  of  morphine  fright  can  all  be  elicited  by  administering 
morphine  to  a  cat  in  which  one  adrenal  has  been  removed  and  the 
splanchnic  supply  of  the  other  cut  and  in  which  accordingly  no  liber- 
ation of  epinephrin  through  the  splanchnics  takes  place.  A  cat  in 
this  condition  behaves  identically  in  the  same  way  as  a  cat  whose 
adrenal  splanchnic  supply  has  been  cut  on  one  side  but  left  intact 
on  the  other.  The  pupils  are  widely  dilated  and  there  is  the  same 
characteristic  restlessness  and  incessant  movement.  The  content 
of  epinephrin  in  the  remaining  adrenal  of  the  first  cat  is  found  to  be 
practically  the  same  as  that  of  the  adrenal  removed  before  the  ad- 
ministration of  morphine,  while  the  content  of  the  adrenal  with  intact 
splanchnic  supply  in  the  second  cat  is  definitely  diminished. 

The  dilatation  of  the  pupil  of  the  denervated  eye,  and  the  pilo- 
motor effects  associated  with  fright  and  anger  were  also  observed 
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in  cats  after  removal  of  one  adrenal  (right)  and  section  of  the  nerves 
of  the  other,  when  the  animals  were  frightened  by  a  dog  and  in  other 
ways. 

Observations  were  made  on  four  cats  (Table  V)  in  this  way. 

TABLE  V. 


Cats  wilh  the  Right  Adrenal  Removed  and  Nerves  of  the  Left  Adrenal  Cut. 


No.  of 
animal. 

Weight  of  adrenal. 

Epinephrin. 

Time  after 
operation. 

Remarks. 

Left. 

Right. 

Left. 

Right. 

gm. 

gm. 

mg. 

mg. 

days 

11 

0.316 

0.302 

0.25 

0.30 

1 

Died. 

12 

0.280 

0.280 

0.19 

0.28 

9 

13 

0.270 

0.250 

0.28 

0.14 

3 

Killed  by  ether. 

14 

0.220 

0.168 

0.08* 

0.18 

37 

"       after  experiments. 

*  The  left  adrenal  was  massaged  before  removal,  in  the  course  of  an  experiment. 


They  all  yielded  the  same  results.  Sudden  fright,  as  by  hitting  or 
jerking  the  holder,  caused  dilatation  of  both  pupils  instantaneou.4y; 
that  is,  after  an  interval  too  short  to  be  measured  with  a  stop- 
watch and  certainly  far  shorter  than  the  interval  required  when  re- 
actions are  evoked  in  a  denervated  eye  by  epinephrin.  Frightening 
by  a  dog  also  caused  good  dilatation  of  the  pupil  on  the  side  on  which 
the  superior  cervical  ganglion  had  been  removed,  as  well  as  of  the 
normal  pupil.  In  certain  animals  the  dilatation  produced  by  fright  was 
sometimes  even  greater  than  in  the  normal  eye,  although  in  other 
observations  on  the  same  animals  it  might  be  less.  In  other  animals 
the  dilatation  although  quite  marked  was  never  so  great  as  in  the 
normal  eye. 

When  the  animals  were  etherized  the  pupil  of  the  denervated  eye 
in  every  case  dilated  more  widely  than  that  of  the  normal  eye.  The 
same  was  true  when  a  moderate  degree  of  asphyxia  was  produced. 
In  some  of  the  animals  repeated  observations  were  made  on  the  effect 
of  fright,  asphyxia,  and  etherization  at  different  periods  after  the 
operation  up  to  5  weeks,  always  with  the  same  result.  In  one  of  the 
cats  (No.  14)  an  experiment  was  eventually  made  to  determine  whether 
any  detectable  amount  of  epinephrin  was  being  given  off  in  the  blood 
of  the  adrenal  vein,  with  an  entirely  negative  result.* 
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No  difference  could  be  seen  in  the  pupil  and  pilomotor  reactions 
between  these  animals  and  control  cats  in  which  one  superior  cervical 
ganglion  had  been  excised  without  interference  with  the  adrenals. 

In  cats  our  observations  on  the  effect  of  morphine  upon  the  epi- 
nephrin  store  of  the  adrenals  agree  with  Elliott's.  For  example,  in 
Cat  15  the  connections  of  the  left  semilunar  ganglion  were  cut  and 
5  days  later  50  mg.  of  morphine  were  injected.  After  8  hours  the 
cat  was  killed.  The  left  adrenal  weighed  0.212  gm.  and  contained 
0.24  mg.  of  epinephrin.  The  right  adrenal  weighed  0.209  gm.  and 
contained  0.14  mg.  of  epinephrin. 

In  interpreting  the  depletion  of  the  store  seen  after  the  long  con- 
tinued action  of  morphine,  ether,  urethane,  and  other  anesthetics 
the  possibility  must  not  be  lost  sight  of  that  the  rate  of  formation  or 
of  accumulation  of  epinephrin  in  the  adrenal  may  be  diminished  by 
the  drugs.  This  would  cause  depletion  of  the  store  if  the  rate  of 
liberation  continued  unchanged,  just  as  surely  as  an  increased  rate 
of  discharge  would  cause  depletion  if  the  rate  of  formation  remained 
the  same. 

Is  the  Depletion  of  the  Epinephrin  Store  under  the  Influence  of  ^-Tetra- 
hydronaphthylamine  in  Cats  Due  to  Fright?- — Elliott  has  shown  that 
in  the  cat  /3-tetrahydronaphthylamine  causes  marked  depletion  of 
the  epinephrin  store  of  an  adrenal  whose  nerve  supply  is  intact  as 
compared  with  its  fellow  whose  nerve  supply  has  been  previously 
severed.  We  can  confirm  this  statement.  For  example,  in  Cat  16, 
3  days  after  section  of  the  nerve  supply  on  the  left  side  3  cc.  of  a  2 
per  cent  solution  of  the  drug  were  injected.  After  8  hours  the  cat 
was  killed.  The  left  adrenal  weighed  0.240  gm.  and  contained  0.22 
mg.  of  epinephrin.  The  right  adrenal  weighed  0.200  gm.  and  con- 
tained only  a  trace  of  epinephrin. 

Elliott  associates  the  exhaustion  of  the  epinephrin  store  in  the  cat 
with  the  emotional  alarm  indicated  by  the  behavior  of  the  animal, 
the  wide  dilatation  of  the  pupil,  etc.  Having  found  reason  to  doubt 
the  interpretation  of  the  morphine  effect  on  cats  as  due  to  emotional 
disturbance,  the  obvious  suggestion  occurred  to  us  to  try  the  effect 
of  ^-tetra  upon  the  epinephrin  store  in  the  rabbit,  an  animal  in  which, 
according  to  Mutch  and  Pembrey,«  the  symptoms  "give  the  impression 

«  Mutch,  N.,  and  Pembrey,  M.  S.,  /.  Physiol.,  1911,  xliii,  109. 
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that  the  drug  produces  a  state  of  increased  psychic  activity  accom- 
panied by  muscular  action  appropriate  to  the  emotions." 

It  did  not  prove  easy,  however,  to  devise  an  operation  which  gave  with  con- 
stancy a  good  differential  effect  on  the  two  adrenals.  According  to  Kahn''  and 
to  Nishi,*  the  right  adrenal  in  the  rabbit  seems  to  derive  from  the  left  splanchnic  a 
portion  of  the  nerve  supply  concerned  in  changes  in  the  epinephrin  store  and  in 
the  liberation  of  epinephrin.  Nishi  was  led  to  this  conclusion  by  investigations 
on  the  glycosuria  and  hyperglycemia  caused  by  diuretin,  and  Kahn  by  the  results 
of  his  experiments  on  the  relation  of  the  adrenals  to  puncture  glycosuria. 

We  tried  a  number  of  different  operations  to  see  whether  such  a  differential 
effect  on  the  epinephrin  store  as  that  described  in  the  section  on  the  postopera- 
tive deficit,  or  as  that  caused  by  urethane.  ether,  and  morphine  in  cats  and  dogs, 
or  by  y3-tetra  in  cats  could  be  produced. 


TABLE  VI. 

Experiments  an  Rabbits  in  Which  the  Right  Major  and  Minor  Splanchnics  Wtre 

Divided. 


No.  of 
animal. 

Weight  of 
adrenal. 

Epinephrin. 

Time 
between 
operation 
and  death. 

Remarks. 

Left. 

Right. 

Left. 

Right. 

gm. 

gm. 

mg. 

mg. 

1 

0.176 

0.152 

0.16 

0.14 

14  days. 

Killed  without  drugs. 

2 

0.160 

0.160 

0.10 

0.10 

.11  " 

«         it  i< 

3 

0.362 

0.300 

0.23 

0.23 

7hrs. 

i(         «  It 

4 

0.290 

0.240 

0.13 

0.12 

14  days. 

3  cc.  2  per  cent  /3-tetra,  8  hrs.  before 

being  killed. 

5 

0.2.50 

0.224 

0.11 

0.10 

11  " 

5  cc.  2  per  cent  /3-tetra,  7  hrs.  before 

being  killed. 

6 

0.175 

0.180 

0.10 

0.11 

14  " 

50  mg.  morphine,  8  hrs.  before  being 

killed. 

Table  VI  shows  the  results  of  experiments  in  which  the  right  major 
and  minor  splanchnics  were  divided  in  the  abdomen.  As  will  be 
seen,  the  results  were  negative.  Even  in  Rabbit  3,  which  was  killed 
7  hours  after  the  operation,  the  content  was  precisely  the  same  in 
the  two  adrenals.  In  other  words,  there  was  no  postoperative  def- 
icit in  the  left  adrenal  after  section  of  the  right  major  and  minor 

^  Kahn,  R.  H.,  Arch.  ges.  Physiol,  1911,  cxl,  209. 
"Nishi,  M.,  Arch.  exp.  Path.  u.  Pharm.,  1909,  Ixi,  401. 
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TABLE  VII. 


Experiments  on  Rabbits  in  Which  the  Left  Major  and  Minor  Splanchnics 

Were  Divided. 


No.  of 
animal. 


Weight  of 
adrenal. 


Left. 


10 


11 


12 


gm. 

0.390* 
0.280 


0.400 


0.276 


0.309 


0.296 


13 

14 

15 

16 
17 


0.250 

0.300 

0.220 

0.200 
0.116 


Right. 


0.250 
0.270 


0.280 


0.218 


0.270 


0.270 


Epinephrin. 


Left. 


mg. 
0.13 

0.11 


0.20 


0.17 


0.18 


0.11 


Right. 


Time  after 
operation. 


0.216  0.20 


0.300 

0.180 

0.161 
0.104 


0.20 


mg. 
0.14 

0.10 


0.13 


0.18 


0.16 


0.11 


0.14 


0.20 


0.18  0.16 


0.16 
0.11 


0.15 
0.10 


Remarks. 


3  days. 
1  day. 

14  days 


3  " 


11  " 


12  " 

14  " 

14  " 

3  " 
h  hr.t 


Major  and  minor  splanchnics  cut.  50  mg. 
morphine,  8  hrs.  before  being  killed. 

Major  and  minor  splanchnics  cut,  and  1 
ganglion  near  lumbar  vein  cut  out. 
Died  spontaneously. 

Major  and  minor  splanchnics  and  strand 
from  liunbar  chain  cut.  70  mg.  mor- 
phine in  2  doses,  9  hrs.  before  being 
kiUed. 

Major  and  minor  splanchnics  cut.  5  cc. 
2  per  cent  /3-tetra,  6  hrs.  before  being 
killed. 

Major  and  minor  splanchnics  cut.  5  cc. 
2  per  cent  /3-tetra,  8  hrs.  before  being 
killed. 

Major  and  minor  splajichnics  torn  from 
origin  through  diaphragm  and  first 
2  ganglia  below  diaphragm  excised.  5 
cc.  2  per  cent  /3-tetra,  8  hrs.  before 
being  killed. 

Major  and  minor  splanchnics,  2  ganglia, 
and  strand  from  chain  cut.  5  cc. 
/3-tetra,  6  hrs.  before  being  killed. 

Major  and  minor  splanchnics  and  1  strand 
cut.  5  cc.  /3-tetra,  9  hrs.  before  being 
killed. 

Major  and  minor  splanchnics  and  2  gan- 

gb'a  cut.    5  cc.  |3-tetra,  8  hrs.  before 

being  killed. 
Left  semilimar  gangUon  excised.    5  cc. 

/3-tetra,  8  hrs.  before  being  killed. 
Major  and  minor  splanchnics  cut.  Killed 

as  control. 


*  Edema  of  left  adrenal.  . 

t  From  beginning  of  anesthesia  tiU  end  of  operation,  25  minutes.  Animal 
killed  h  hr.  after  operation.  The  time  is  too  short  for  a  decided  postoperative 
effect. 
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splanchnics,  the  operation  affording  no  protection  to  the  epinephrin 
store  of  the  right  gland  as  compared  with  that  of  the  left. 

The  Epinephrin  Store  in  Postoperative  Edema  of  the  Adrenal— Dim- 
sion  of  the  left  major  and  minor  splanchnics  was  next  performed  on  a 
series  of  rabbits.  Sometimes,  in  addition,  strands  seen  coming  from 
the  lumbar  chain  were  divided  and  lumbar  ganglia  excised.  The 
results  are  shown  in  Table  VII.  They  are  complicated  to  a  con- 
siderable extent  by  the  fact  that  edema,  to  which  the  rabbit's  adrenals 
seem  to  be  susceptible  after  operations  in  their  vicinity,  developed 
in  some  of  the  experiments.  This  edema  is  associated  with  great 
depletion  of  the  epinephrin  store  of  the  affected  gland.  After  a 
time  the  edema  disappears  and  the  epinephrin  reaccumulates.  It  is 
obvious  that  if  observations,  on  the  effect  of  morphine  or  of  jS-tetra 
for  example,  are  made  on  an  animal  in  which  edema  of  the  left  adrenal 
is  still  present,  a  genuine  diminution  in  the  epinephrin  content  of 
the  right  gland  may  be  completely  masked.  In  spite  of  this  com- 
plication, however.  Table  VII  indicates  that  section  of  the  left  major 
and  minor  splanchnics  does,  in  some  rabbits  at  least,  produce  a  real 
differential  effect,  in  contrast  to  the  entirely  negative  results  on 
section  of  these  nerves  on  the  right  side  shown  in  Table  VI. 

Thus,  in  Rabbit  9,  which  received  morphine  14  days  after  the  operation  the 
left  adrenal  contained  0.20  mg.  and  the  right  only  0.13  mg.  It  is  practically 
certain  that  the  other  morphine  experiment  in  the  table  (Rabbit  7)  would  have 
shown  a  similar  result  but  for  the  edema  of  the  left  gland,  which  was  marked. 
Control  observations  prove  that  a  gland  with  this  degree  of  edema,  3  days  after 
operation,  never  contains  nearly  so  much  epinephrin  as  its  feUow.  There  is, 
therefore,  every  reason  to  believe  that  before  the  morphine  was  given  the  content 
of  the  right  adrenal  in  this  animal  was  considerably  higher  than  that  of  the 
left.  Since  after  the  morphine  period  there  is  practical  equality  in  the  two 
glands,  a  considerable  depletion  of  the  store  must  be  assumed  to  have  taken 
place.  In  the  dog  and  cat  we  have  not  seen  the  occurrence  of  edema  of  an  adrenal 
in  consequence  of  an  operation  in  its  neighborhood.  Nor  was  there  any  edema 
in  the  right  adrenal  of  the  rabbit  in  the  experiments  in  which  the  right  major 
and  minor  splanchnic  nerves  were  "severed,  possibly  because  the  nerves  on  the 
right  side  were  divided  somewhat  farther  from  the  gland  than  those  on  the  left 
side  and  there  was  accordingly  less  risk  of  interference  with  the  lymphatics  of 
the  right  gland.  It  is  also  possible  that  the  mere  section  of  the  nerves  is  a  fac- 
tor in  the  development  of  edema,  and  if  the  right  adrenal  in  the  rabbit  derives 
part  of  its  innervation  from  the  splanchnics,  division  of  the  right  splanchnics 
alone  would  not  be  so  likely  to  aft  »ct  it. 
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We  next  tried  division  of  the  fibers  between  the  left  semilunar 
ganglion  and  the  adrenal,  combined  with  free  separation  of  the  gland 
from  the  surrounding  connective  tissue  by  passing  a  blunt  dissecting 
instrument  around  the  greater  part  of  its  circumference,  in  the  hope 
of  destroying  most  of  the  innervation  of  the  left  adrenal  while  leaving 
intact  such  part,  if  any,  of  the  innervation  of  the  right  adrenal  as 
may  come  from  the  left  splanchnic.  As  expected,  edema  of  the  gland 
developed,  with  the  concomitant  decrease  in  the  epinephrin  content 
already  alluded  to,  only  the  merest  trace  being  sometimes  found. 
When  a  sufficient  interval  was  allowed  to  elapse  the  edema  cleared 
up  and  the  store  of  epinephrin  was  replenished.  The  results  are 
shown  in  Table  VIII.  The  marked  postoperative  deficit  seen  in 
Rabbit  22,  killed  5  hours  after  the  operation,  shows  that  the  left 
gland  was  well  protected  relatively  to  the  right  by  the  operation. 
Edema  of  the  left  had  not  had  time  to  develop  in  the  few  hours  which 
had  elapsed.  In  Rabbit  21,  killed  half  an  hour  after  the  operation, 
no  postoperative  deficit  was  shown,  the  time  being  too  short.  This 
indicates  that  the  marked  depletion  of  the  stock  of  epinephrin  through 
the  splanchnic  nerves  which  follows  surgical  operations  develops 
gradually.  A  number  of  the  animals  were  killed  as  controls  to  deter- 
mine the  time  necessary  for  recuperation  of  the  epinephrin  store. 

In  7  days  (Rabbit  18)  the  content  of  the  left  adrenal  was  not  yet  equal  to  that 
of  the  right.  In  4  days  (Rabbit  20)  the  depletion  associated  with  the  edema  had 
reached  its  maximum,  only  a  trace  of  epinephrin  being  present  in  the  left  adrenal. 
In  1  day  (Rabbit  19),  on  the  other  hand,  the  left  adrenal  contained  if  anything, 
rather  more  than  the  right,  the  postoperative  effect  on  the  right  (innervated) 
gland  in  all  probability  having  not  yet  entirely  disappeared,  and  the  edema 
effect  on  the  left  not  having  attained  its  maximum,  as  is  indicated  by  the  relatively 
small  excess  of  weight  of  the  left  gland.  In  Rabbit  28,  which,  like  Rabbit  20, 
showed  marked  edema  of  the  left  gland  after  4  days,  no  epinephrin  reaction  what- 
ever was  obtained  from  that  gland. 

Such  observations  as  were  made  with  /3-tetra  and  with  morphine  and  other 
drugs  on  animals  prepared  in  this  way  did  not  yield  decisive  results  for  our  im- 
mediate purpose,  as,  in  the  absence  of  a  sufficient  number  of  control  animals  kept 
for  several  weeks,  it  is  not  possible  to  be  sure  that  equality  in  the  epinephrin  con- 
tent of  the  two  glands  had  been  reached  before  the  drugs  were  administered. 

The  results,  however,  seem  worthy  of  being  recorded  because  of 
the  way  in  which  they  illustrate  the  dep  .etion  of  the  epinephrin  store 
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TABLE  VIII. 


■  Experiments  on  Rabbits  in  Which  the  Nerves  between  the  Left  Semilunar  Ganglion 
and  the  Gland  Were  Divided  and  the  Gland  Was  Separated 
from  the  Surrotmding  Tissue. 


No.  of 

Weight  of 
adrenal. 

Epinephrin. 

Time  after 
operation. 

Remarks. 

animal. 

Left. 

Right. 

Left. 

Right. 

gm. 

gm. 

mg. 

mg. 

18 

0 

304 

0 

173 

0.22 

0.33 

7  days. 

Killed  without  drugs. 

19 

0 

170 

0 

134 

0.13 

0.11 

1  day. 

((          it  II 

20 

0 

440 

0 

210 

Trace. 

0.24 

4  days. 

it             it  a 

21 

0 

252 

0 

210 

0.24 

0.27 

I 

2 

hr.* 

it             It  It 

22 

0 

140 

0 

146 

0.11 

Trace. 

5  hrs. 

it             It  It 

23 

0 

154 

0 

120 

0.12 

0.12 

15  days. 

3  gm.  urethane  6§  hrs.  before  being 

killed. 

24 

0 

175 

0 

156 

0.11 

0.11 

17 

u 

Ether  for  2  j  hrs.    Died  of  ether. 

25 

0 

390 

0 

330 

0.20 

0.15 

4 

a 

5  cc.  2  per  cent  /3-tetra.    Died  in  6  hrs. 

26 

0 

180 

0 

122 

0.14 

0.12 

7 

3  cc.  2  per  cent  /3-tetra,  8  hrs.  before 
being  killed. 

27 

0 

190 

0 

152 

0.21 

0.21 

14 

t{ 

3  cc.  2  per  cent  /3-tetra,  8  hrs.  before 
being  killed. 

28 

0 

310 

0 

200 

0.00 

0.11 

4 

50  mg.  morphine,  85  hrs.  before  being 
killed. 

29 

0 

326 

0 

228 

0.14 

0.24 

7 

<< 

50  mg.  morphine,  6  hrs.  before  being 
killed. 

*  From  beginning  of  anesthesia  till  end  of  operation  was  |  hr.  Animal  killed 
J  hr.  after  operation. 


1 

by  conditions  leading  to  edema  of  the  glands  after  complete  or  at 
least  extensive  section  of  their  secretory  nerves  and  the  rate  of  re- 
cuperation of  the  store  of  the  denervated  glands.  It  is  probable 
that  if  the  animals  were  kept  longer  the  operation  could  be  used  to 
make  tests  for  differential  effects  on  the  two  adrenals. 

Finally  we  tried  division  of  the  nerves  between  the  semilunar  ganglion  and  the 
left  adrenal,  with,  in  addition,  section  of  any  strands  seen  coming  from  the  lum- 
bar sympathetic  towards  the  adrenal  and  excision  of  one  or  two  of  the  sym- 
pathetic ganglia  next  below  the  diaphragm.  Care  was  taken  to  avoid,  as  far  as 
possible,  interference  with  the  gland.  This  operation  gave  the  best  results  as 
regards  constancy  of  effect,  although  even  here  the  marked  differences  so  easily 
obtained  in  dogs  and  cats  were  not  seen. 
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TABLE  IX. 

Experiments  on  Rabbits,  in  All  of  Which  the  Nerves  Were  Divided  between  the  Left 
Semilunar  Ganghon  and  the  Adrenal  without  Disturbance  of  the  Gland  In 
Some  of  the  Animals  Portions  of  the  Lumbar  Sympathetic  Chain 
Were  Also  Ctit  or  Excised. 


No.  of 
animal. 

Weight  of  adrenal. 

Epinephrin. 

Time  after 
operation. 

Remarks. 

Left. 

Right. 

Left. 

Right. 

gm. 

gm. 

mg. 

mg. 

30 

U .  0Z4 

0. 276 

0.  18 

0.14 

14  days. 

5  cc.  2  per  cent  /3-tetra,  8 

31 

0.300 

hrs.  before  being  killed. 

0.260 

0.24 

0.20 

10  " 

5  cc.  2  per  cent  |8-tetra,  8 

U .  loo 

hrs.  before  being  killed. 

32 

0 . 1 55 

0.  IS 

0.13 

9  " 

2  ganglia  nearest  diaphragm 
excised.  5  cc.  2  per  cent 
/3-tetra,  8  hrs.  before  being 
killed. 

33 

0.140* 

0.103 

0.08 

0.08 

21  " 

Strands  crossing  aorta  cut. 
5  cc  2  npr  rpnt  /?-tptra  S-l 
hrs.  before  being  killed. 

34 

0.380 

0.400 

0.22 

0.22 

20  " 

1  ganglion  just  below  dia- 
phragm excised.  5  cc.  2 
per  cent  /8-tetra,  8  hrs. 
before  being  killed. 

35 

0.220 

0.182 

0.20 

0.16 

11  " 

1  ganglion  just  below  dia- 
phragm excised.  5  cc.  2  per 
cent  /3-tetra,  8  hrs.  before 
being  killed. 

36 

0.356 

0.314 

0.20 

0.16 

8|  hrs. 

Strands  crossing  aorta  cut. 
KiUed  as  control. 

*  In  Rabbit  33  the  left  adrenal  was  found  bound  down  by  firm  adhesions. 


Table  IX  illustrates  the  findings.    In  Rabbit  36,  killed  to  determine  whether 
a  postoperative  deficit  had  been  established  in  the  right  (innervated)  gland, 
a  positive  result  was  obtained,  although  the  difference  was  by  no  means  as  large 
as  is  often  found  in  rabbits  when  one  adrenal  is  excised  and  the  other  with  its  in 
nervation  intact  left  in  for  several  hours  longer  (Table  XI). 

A  number  of  experiments  were  made  with  /3-tetra  on  animals  prepared  in  this 
way.  While  in  most  cases  some  deficiency  in  the  epinephrin  content  of  the  still 
innervated  gland  was  found  after  the  action  of  /S-telra,  it  was  never  nearly  so 
great  as  in  cats. 

In  Rabbit  33  the  low  content  (0.08  mg.)  in  both  adrenals  is  worth  noting.  The 
left  gland  was  considerably  larger  than  the  right  and  was  still,  although  3  weeks 
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had  elapsed  since  the  operation,  bound  down  by  adhesions.  It  is  probable,  there- 
fore, that  the  epinephrin  store  had  not  yet  reached  the  initial  amount.  If  so, 
since  the  right  gland  also  contained  only  0.08  mg.  after  /3-tetra  had  acted  for 
8J  hours,  the  drug  must  have  caused  some  depletion  in  the  unprotected  right 
adrenal.  In  cats  after  Elliott's  operation  on  the  connections  of  the  semilunar 
ganglion,  we  have  not  seen  any  edema,  and,  as  he  states,  equality  of  the  epineph- 
rin content  of  the  two  glands  is  soon  established.  In  one  cat  (No.  17),  how- 
ever, which  was  killed  as  a  control,  11  days  after  the  operation  on  the  nerves 
of  the  left  adrenal,  the  gland  was  found  firmly  bound  down  by  adhesions  and  the 
epmephrin  content  was  decidedly  less  than  that  of  its  fellow.  The  left  adrenal 
weighed  0.398  gm.  and  contained  0.22  mg.  of  epinephrin.  The  right  adrenal 
weighed  0.371  gm.  and  contained  0.33  mg.  of  epinephrin. 

This  is  a  very  exceptional  result  and  was  probably  due  to  the  fact  that  we  hap- 
pened to  cut  a  vein  in  the  vicinity,  and  in  securing  it  some  dissection  was  needed. 
Such  an  experiment  would,  of  course,  be  rejected  as  a  control. 

As  regards  the  question  raised  concerning  the  way  in  which  /3-tetra 
causes  exhaustion  of  the  epinephrin  store  in  cats,  it  is  evident  that 
these  observations  do  not  lead  us  to  the  same  definite  conclusion  as 
in  the  question  concerning  the  mode  of  action  of  morphine.  The 
results,  indeed,  might  be  interpreted  as  in  favor  of  Elliott's  view  that 
the  emotional  disturbance  in  the  cat  is  the  efficient  factor,  since  signs 
of  such  disturbance  are  less  marked  in  the  rabbit. 

It  must  be  kept  in  mind,  however,  that  the  rabbit  has  a  more 
limited  range  in  the  expression  of  emotion  than  the  cat,  and  jS-tetra 
certainly  produces  excitation  of  sympathetic  and  other  mechanisms 
which  may  be  concerned  in  this  expression.  The  pupil  is  widely 
dilated,  the  pulse  and  especially  the  respiration  are  markedly  ac- 
celerated. There  is  cutaneous  vasoconstriction,  the  ears  being 
distinctly  cool  and  the  ear  vessels  narrowed.  Usually  the  animals 
show  restlessness  and  sometimes  stamp  with  the  hind  feet.  The 
rectal  temperature  in  our  observations  rose  0.7-l°C. 

The  contrast  between  a  rabbit  under  morphine  and  a  rabbit  which 
has  received  /3-tetra  is  great.  Yet  it  is  easier  to  demonstrate  diminu- 
tion of  the  epinephrin  store  in  the  rabbit  by  morphine  than  by  |8-tetra. 
While  our  observations  on  morphine  seem  to  indicate  clearly  that 
fright  is  not  an  essential  factor  in  the  morphine  depletion,  it  would 
be  unwarranted  to  claim  that  our  observations  on  /3-tetra  show  that 
fright  is  not  the  cause  of  the  epinephrin  depletion,  so  convincingly 
demonstrated  by  Elliott  in  the  cat,  under  the  influence  of  that  drug. 
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It  may  be  permissible  to  point  out,  however,  that  one  drug  (morphine) 
which  causes  different  emotional  phenomena  in  the  cat  and  dog  pro- 
duces the  same  effect  on  the  epinephrin  store,  while  another  drug 
(/3-tetra)  which  causes  in  the  cat  and  rabbit  emotional  effects  of  the 
same  general  quality  and,  perhaps,  if  the  difference  in  the  emotional 
development  of  the  two  anmials  is  taken  into  account,  not  so  very 
unequal  in  degree,  affects  the  epinephrin  store  very  differently. 

Comparison  of  the  Epinephrin  Load  of  the  Two  Adrenals  in  Rabbits 
when  Removed  at  Different  Times. 

Some  experiments  on  rabbits  were  made  in  which  the  left  adrenal 
was  first  excised,  and  the  right  subsequently,  after  varying  periods  of 
time.  The  results  are  shown  in  Table  X.  It  will  be  seen  that  in  the 
five  animals  killed  without  drugs  (Nos.  37,  38,  39,  40,  and  41)  the  right 
adrenal  contains  more  epinephrin  than  the  left  contained  at  the  time 
of  excision.    Where  the  difference  is  small  it  could  be  accounted  for 

TABLE  X. 


Experiments  on  Rabbits  to  Determine  the  Load  of  the  Right  Adrenal  at  Varying 

Intervals  after  Removal  of  the  Left. 


No.  of 
animal. 

Weight  of  adrenal. 

Epinephrin. 

Interval 
between 
excision  of 
2  adrenals. 

Remarks. 

Left. 

Right. 

Left. 

Right. 

gm. 

gm. 

mg. 

mg. 

days 

37 

0 

454 

0 

470 

0 

22 

0 

28 

14 

Killed  without  drugs. 

38 

0 

162 

0 

190 

0 

10 

0 

13 

14 

<(        «  (I 

39 

0 

312 

0 

324 

0 

14 

0 

22 

17 

«        «  « 

40 

0 

420 

0 

346 

0 

16 

0 

33 

26 

«        »  « 

41 

0 

270 

0 

176 

0 

13 

0 

17 

18 

Abscess  at  site  of  operation, 

but    superficial.  Killed 

without  drugs. 

42 

0 

158 

0 

164 

0 

16 

0 

16 

16 

50  mg.   morphine,   7  hrs. 

before  removal   of  right 

adrenal. 

43 

0 

450 

0 

640 

0 

22 

0 

47 

16 

5  cc.  2  per  cent  /3-tetra,  9  hrs. 

before  removal  of  right 

adrenal. 

44 

0 

288 

0 

350 

0 

18 

0 

33 

16 

5  cc.  2  per  cent  /3-tetra,  9  hrs. 

before  removal  of  right 

adrenal. 
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by  the  diminution  of  the  epinephrin  load  in  both  adrenals  even  during 
the  short  operation  necessary  for  removal  of  the  left  adrenal.  But 
such  a  difference  as  that  seen  in  Rabbit  40,  in  which  the  interval 
between  the  removal  of  the  two  glands  was  greatest  is  too  large  to 
be  explained  in  this  way.  In  Rabbit  44  this  factor  was  taken  into 
account  by  removing  the  second  adrenal  by  an  operation  which  in 
duration  and  technique  as  nearly  as  possible  duplicated  the  first  oper- 
ation. It  must,  therefore,  be  concluded  that  the  load  of  the  remain- 
ing adrenal  in  most  of  the  animals  is  increased  above  its  amount  at 
the  time  of  excision  of  the  first  gland.  More  observations,  especially 
with  longer  intervals,  would  be  necessary  to  make  sure  that  the 
remaining  adrenal  can  accumulate  more  epinephrin  than  is  ever  seen 
in  one  adrenal  when  both  are  present.  A  glance  at  the  other  tables 
which  give  results  on  rabbits  will  show  that  the  number  of  high  loads 
of  the  right  adrenal  in  Table  X  is  unusually  great  for  the  number  of 
animals,  and  this  is  suggestive. 

The  experiments  were  originally  undertaken  with  the  idea  that  if  the  right 
adrenal  regained  only  its  initial  content  after  the  operation  the  animals  could 
be  employed  for  testing  the  action  of  substances  like  morphine  or  /3-tetra  on  the 
epinephrin  store.  The  fact  that  the  load  increased  so  much  rendered  this  method 
too  uncertain.  The  difference  in  the  result  in  Rabbit  42  which  received  morphine, 
and  Rabbits  43  and  44  which  received  /8-tetra,  is  nevertheless  striking.  The 
preponderance  of  the  content  of  the  right  adrenal  in  the  last  two  experiments  as 
compared  with  the  left  indicates  strongly  that  the  influence  of  /3-tetra  in  dis- 
charging the  right  adrenal  was  at  any  rate  not  great.  On  the  other  hand,  unless 
Rabbit  42  was  the  single  exception  among  the  eight  animals  in  the  table,  some 
discharge  of  the  right  adrenal  must  have  been  occasioned  by  the  morphine,  since 
the  content  after  morphine  was  just  the  same  as  that  of  the  left  adrenal. 

Postoperative  Depletion  of  the  Epinephrin  Store. 

The  fact  has  already  been  alluded  to  that  during  and  for  some  time 
after  operations  a  more  or  less  progressive  decline  takes  place  in  the 
epinephrin  store  of  an  adrenal  whose  nerve  supply  is  intact  as  com- 
pared with  its  denervated  fellow.  The  phenomenon  was  well  illus- 
trated in  experiments  in  which  one  adrenal  was  removed,  and  then 
after  varying  intervals  of  time  the  other.  The  exact  opposite  of  the 
results  shown  in  Table  X  is  then  seen;  that  is,  a  marked  deficiency 
in  the  second  adrenal  as  compared  with  the  first.    For  example,  in 
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Rabbit  45  (Table  XI)  the  left  adrenal  was  excised  and  contained  0.37 
mg.  of  epinephrin.  The  wound  was  sewed  up,  the  whole  operation 
lasting  20  minutes,  and  after  8^  hours  the  right  adrenal  was  removed. 
It  contained  only  0.13  mg.  of  epinephrin. 


TABLE  XI. 

Experiments  Showing  Postoperative  Depletion  of  Epinephrin  Store  of  One  Adrenal 
as  Compared  with  the  Other  Removed  at  Operation. 


No.  of  unitnal. 

Weight  of  adrenal. 

Epinephrin. 

Interval 
between  ex- 
cision of 
2  adrenals. 

Remarks. 

Left. 

Right. 

Left. 

Right. 

gm. 

gtn. 

mg. 

mg. 

Rabbit  45 

0.394 

0.384 

0.37 

0.13 

Si  hrs. 

Cat  18  

0.220 

0.218 

0. 18 

0. 14 

5  " 

"  19  

0.205 

0.238 

0. 22 

0.25 

2  days. 

Rabbit  46 

0.318 

f\  "21/1 

0.314 

U.zU 

nil 
U.  11 

65  hrs. 

5  cc.  2  per  cent  jS-tetra, 

6i  his.  before  being 

killed. 

"  47 

0.092 

0.084 

0.14 

0.08 

7  " 

50  mg.  morphine,  75hrs. 

before  being  killed. 

"  48 

0.267 

0.238 

0.11 

0.09 

6h  " 

50  mg.  morphine,  6^  hrs. 

before  bemg  killed. 

"  49 

0.380 

0.408 

0.28 

0.12+ 

8  " 

50  mg.  morphine,  8  hrs. 

before  being  killed. 

Cat  20  

0.240 

0.300 

0.33 

0.20 

6  " 

50  mg.  morphine,  6  lirs. 

before  being  kUled. 

"  21  

0.225 

0.258 

0.22 

0.14 

7  " 

50  mg.  morphine,  7  hrs. 

before  being  killed. 

"  22  

0.230 

0.221 

0.26 

0.26 

8  " 

Right  adrenal  excised 

and   nerves   of  left 

adrenal  cut.    50  mg. 

morphine  8  hrs.  before 

being  killed. 

Dog.  14  

0.354 

0.453 

0.67 

0.42 

8  " 

175  mg.  morphine  8  hrs. 

before  being  killed. 

"  15  

0.352 

0.360 

0.38 

0.30 

7  " 

200  mg.  morphine  7  hrs. 

before  being  killed. 

This  great  depletion  was  assuredly  not  present  at  the  end  of  the 
operation,  as  shown  in  other  experiments.  Etherization  for  20  or 
30  minutes  does  not  produce  a  great  impression  on  the  store  of  an 
adrenal  removed  at  the  end  of  that  time.    Unless,  then,  the  depletion 
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is  an  after-effect  of  the  short  etherization,  which  does  not  seem  likely, 
it  must  be  due  to  some  other  factor,  probably  the  sensory  stimu- 
lation acting  during  the  postoperative  period. 

Similar  results  in  animals  with  one  gland  protected  by  section  of  its  nerves 
have  already  been  given  in  other  tables;  for  example,  Rabbit  22  (Table  VIII). 
5  hours  after  section  of  the  nerves  of  the  left  adrenal,  the  animal  was  killed.  The 
right  adrenal  contained  only  a  trace  of  epinephrin,  the  left  0.11  mg.  In  the  same 
table  and  in  Table  VII  examples  are  given  where  in  half  an  hour  after  the  oper- 
ation practically  no  postoperative  difference  was  present. 

The  recuperation  of  the  store  is  usually  evident  in  1  day,  although  it  may  not 
then  be  complete.  For  instance,  in  Cat  19  (Table  XI),  2  days  after  removal  of 
the  left  adrenal  the  right  contained  0.25  mg.  as  compared  with  0.22  mg.  in  the 
left.  Probably  the  difference  represents  about  the  amount  by  which  the  store 
of  the  left  adrenal  was  diminished  during  the  short  operation  for  its  removal. 
Many  of  the  animals  received  morphine  immediately  after  excision  of  the  first 
adrenal  (always  the  left  except  in  Cat  22),  and  one  (Rabbit  46)  received  /3-tetra. 
The  effect,  if  any,  of  these  drugs  is  complicated  by  the  postoperative  depletion. 

Cat  22  shows  how  completely  section  of  the  nerve  supply  of  an  adrenal  pro- 
tects the  store  even  against  the  combined  effect  of  the  operation  and  morphine. 
All  preparations  having  been  made  to  insure  almost  simultaneous  removal  of 
one  adrenal  and  denervation  of  its  fellow,  the  right  adrenal  was  excised  in  5 
minutes,  and  the  nerves  of  the  left  adrenal  were  cut  within  the  next  2  minutes. 
Even  after  8  hours,  the  epinephrin  content  of  the  left  adrenal  was  precisely  the 
same  as  that  of  the  right;  namely,  0.26  mg. 

In  Table  XII  are  given  the  results  of  assays  of  the  adrenals  in  a  number  of 
experiments  on  the  liberation  of  epinephrin  into  the  blood.*  All  except  the  first 
show  a  relatively  low  content,  since  the  nerves  were  cut  in  the  course  of  the  experi- 
ment, usually  some  hours  after  the  beginning.  Where  the  innervation  of  one 
adrenal  is  divided  after  several  hours  of  experimentation,  so  great  a  depletion  of 
the  epinephrin  store  of  both  glands  has  already  taken  place  that  subsequent 
division  of  the  nerves  of  the  other,  an  hour  or  two  later,  does  not  generally  estab- 
lish such  a  striking  difference  between  the  two  glands,  as  when  the  nerves  on  one 
side  are  severed  at  the  beginning. 

In  Table  XIII  are  shown  the  epinephrin  assays  of  the  adrenals  obtained  in 
other  experiments  on  liberation  of  epinephrin.  In  these  the  innervation  of  the 
glands  was  not  interfered  with.  Equality  of  content  in  the  two  adrenals  of  the 
same  animal  is  well  shown.  While  there  are,  of  course,  variations  in  the  dif- 
ferent animals,  the  average  content  is  lower  than  that  of  the  cats  in  Tables  I 
and  II. 
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TABLE  XII. 


Depletion  of  the  Epinephrin  Store  of  the  Innervated  Adrenal  during  Physiological 

Experiments. 


No.  of  animal. 


Cat  23  


"  24. 


"  25. 

"  26 

"  27. 

"  28. 

"  29 


"  31.... 
"  32.. 
Dog  16  .. 


Weight  of 
adrenal. 


Left.  Right 


0.260 


0.230 


gm. 

0.286 


0.230 


0.204 
0.197 

0.140 

0.204 
0.120 
0.221 

0.242 
0.185 
0.524 


0.211 
0.201 

0.140 

0.216 
0.122 
0.228 

0.234 
0.200 
0.560 


Epinephrin. 


Left.  Right 


0.18 


0.17 


0.10 
0.14 

0.11 

0.17 
0.18 
0.13 

.0.18 
0.11 
0.41 


mg. 

0.25 


0.28 


0.17 
0.16 

0.11 

0.18 
0.18 
0.14 

0.16 
0.09 
0.37 


Dura- 
tion of 
experi- 
ment. 


hrs. 

5 

2i 


3f 


Remarks. 


Connections  of  right  semilunar 
ganglion  cut  11  days  before 
experiment. 

Connections  of  right  semilunar 
ganglion  cut  15  days  before  ex- 
periment. Used  for  liberation 
experiment  and  died  during  the 
experiment.  In  poor  condition; 
abortion  the  day  before. 

Right  major  and  minor  splanchnics 
cut  3 1  hrs.  after  beginning  of  ex- 
periment. 

Right  sympathetic  (in  thorax)  cut 
2i  hrs.  after  beginning  of  experi- 
ment. Left  sympathetic  cut  21 
hrs.  later. 

Right  sympathetic  (in  thorax)  cut  3 
hrs.  after  beginning;  left  sym- 
pathetic cut  f  hr.  later. 

Both  sympathetics  cut  in  thorax,  2\ 
hrs.  after  beginning. 

Both  sympathetics  cut  1  hr.  after 
beginning. 

Both  sympathetics  cut  5  hrs.  after 
beginning.  1  hr.  later,  adrenal.'^ 
massaged. 

Both  sympathetics  cut  3  hrs.  after 
beginning. 

Both  major  splanchnics  cut  4^  hrs. 
after  beginning. 

Right  sympathetic  (in  thorax)  cut 
4^  hrs.  after  beginning,  left  sym- 
pathetic  U  hrs.  later.  
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TABLE  Xin. 

Epinephrin  Content  in  Cats  Used  for  Experiments  under  Ureihane  and  Ether  without 

Section  of  Nerves  to  Adrenals. 


No.  of  animal. 

Weight  of  adrenal. 

Epinephrin. 

Duration  of 
experiment. 

Left. 

Right. 

Left. 

Right. 

gm.. 

gm. 

mg. 

mg. 

hrs. 

33 

0.178 

0.164 

0.14 

0.14 

5i 

34 

0.294 

0.290 

0.17 

0.16 

4 

35 

0.226 

0.224 

0.20 

0.19 

3J 

36 

0.256 

0.238 

0.20 

0.19 

4i 

37 

0.330 

0.364 

0.18 

0.20 

51 

Depletion  of  Epinephrin  Store  of  the  Innervated  as  Compared  with 
That  of  the  Denervated  Adrenal  in  Animals, 
Dead  of  Infections,  Etc. 

The  opportunity  of  making  these  observations  was  afforded  by 
the  death,  from  various  causes,  of  a  certain  number  of  animals  whose 
adrenal  nerve  supply  had  been  cut  on  one  side.  The  results  are 
given  in  Table  XIV.  Complete  or  almost  complete  depletion  of  the 
epinephrin  store  of  the  still  innervated  gland  was  far  more  fre- 
quently observed  in  this  group  than  in  any  of  the  experimental  groups. 

Infections  of  various  kinds  (pyogenic  in  Cats  38  and  41,  pneumonia 
in  Dogs  17  and  18)  caused  particularly  marked  depletion.  It  has 
been  stated  by  a  number  of  observers  that  the  adrenals  in  animals 
killed  by  various  infections  are  poor  in  epinephrin.  Elliott^  found 
a  small  epinephrin  load  in  persons  dead  of  various  septic  fevers.  The 
results  cited  in  Table  XIV  show  clearly  that  this  depletion  is  brought 
about,  in  great  part  at  any  rate,  through  the  nerves  supplying  the 
adrenals.  It  is  not  possible  to  say  from  these  results  whether,  in 
addition,  there  is  any  direct  action  of  the  poisons  on  the  glands. 

In  a  cat  (No.  43)  dead  of  distemper  the  epinephrin  content  was 
quite  low  (0.09  mg.),  but  in  another  cat  (No.  42),  dead  of  the  same 
disease,  the  load  was  fairly  high  (0.28  mg.),  although  perhaps  not  as 
much  as  would  have  been  expected  in  a  healthy  animal  of  the  same 
size.   The  cat  was  exceptionally  large,  as  were  also  the  adrenals. 
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TABLE  XIV. 

Depletion  of  the  Epinephrin  Store  of  the  Innervated  Adrenal  in  Animals  Dead 

from  Infections,  Etc. 


No.  of  animal. 

Weight  of 
adrenal. 

Epinephrin. 

Left. 

Right. 

Left. 

Right. 

fng. 

Cat  38  

0.184 

0.191 

0.16 

Trace. 

"  39  

0.312 

0.304 

0.09 

i< 

"  40  

0.170 

0.198 

Trace. 

0.13 

"  41  

0.308 

0.300 

0.08 

0.14 

"  42 

0.396 

0.402 

0.28 

0.28 

"  43  

0.278 

0.272 

0.09 

0.09 

Dog  17  

0.530 

0.570 

0.50 

0.31 

"  IS  

0.360 

0.350 

0.30 

0.08 

Kabbit  50 

0.200 

0.210 

0.09 

Trace. 

Remarlcs. 


Connections  of  left  semilunar  ganglion 
cut  8  days  before  death  from  infection 
(peritonitis). 
Connections  of  left  semilunar  ganglion 
cut  5  days  before  death  from  unknown 
cause.    Cat  emaciated  and  in  poor 
condition  before  operation. 
Connections  of  right  semilunar  ganglion 
cut  2  days  before  death  from  unknown 
cause.  Cat  in  same  condition  as  No.  39. 
Connections  of  right  semilunar  cut  25 
days  before  death.    General  infection ; 
abscess  in  wound  in  neck  and  in  flank ; 
eyes  infected. 
Died  of  distemper  14  days  after  excision 

of  left  superior  cervical  ganglion. 
Died  of  distemper  6  days  after  excision 

of  left  superior  cervical  ganglion. 
Left  major  splanchnic  cut  13  days  before 

death  from  pneumonia. 
Left  major  and  minor  splanchnics,  2  lum 
bar  ganglia,  and  connections  of  celiac 
ganglion  cut  14  days  before  death  from 
pneumonia. 
Left  adrenal  excised  3  days  before  death 
from  unknown  cause. 


The  Effect  of  Electrical  Stimulation  of  the  Splanchnic  Nerves  on  the 

Epinephrin  Store. 

Elliott  has  stated  that  stimulation  of  the  splanchnics  by  induction 
shocks  for  periods  var3dng  from  3  to  7  hours  produces  only  a  slight 
effect  on  the  epinephrin  content.  Stimulation  was  applied  for  a 
few  minutes  at  a  time  followed  by  a  few  minutes  of  rest.  "When 
the  nerve  was  faradized  continuously  for  a  period  of  2  hours  the  loss 
was  almost  inappreciable." 

Our  observations  confirm  those  of  Elliott,  in  as  far  as  they  show 
that  it  is  much  more  difiicult  to  demonstrate  depletion  by  splanchnic 
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stimulation  than  under  the  influence  of  ether,  operations,  etc.,  de- 
spite the  fact  that  more  epinephrin  is  liberated  in  a  given  time  during 
appropriate  stimulation  of  the  nerves  than  is  liberated  under  anes- 
thetics without  stimulation.  The  difficulty  of  showing  depletion 
with  splanchnic  stimulation  is,  therefore,  not  due  to  the  small  amount 
liberated.  We  cannot  see  any  other  explanation  than  that  splanchnic 
stimulation  also  increases  the  rate  of  accumulation  of  the  epinephrin 
in  the  gland. 

Continuous  stimulation  of  the  splanchnic  is  not  suitable  for  producing  deple- 
tion, nor  is  stimulation  for  several  minutes  at  a  time  with  intervals  of  rest.  For 
we  have  seen  in  experiments  on  liberation  of  epinephrin  into  the  blood  that  the 
amount  excreted  rapidly  declines  when  stimulation  is  kept  up. 

However,  by  stimulating  only  for  a  few  seconds  at  a  time,  with  intervals  of 
1  or  2  minutes'  rest,  and  continuing  the  experiment  over  many  hours  we.  have 
been  able  to  demonstrate  distinct  depletion  of  the  gland  whose  nerve  was  excited 
as  compared  with  the  other.  The  reactions  of  the  denervated  eye  were  used  to 
control  the  efficiency  of  the  stimulation.  A  strength  and  duration  of  stimulation 
was  chosen  which  gave  good  but  not  maximal  dilatation  of  the  pupil,  and  the  rest 
intervals  were  increased  or  diminished  from  time  to  time,  so  as  to  keep  each  stimu- 
lation effective. 

In  Table  XV  is  given  a  condensed  protocol  of  an  experiment  on  a  cat  in  which 
over  300  successful  stimulations  of  the  right  sympathetic  trunk  (with  the  splanch- 
nic) in  the  thorax  were  made.  The  amount  of  epinephrin  liberated  by  each 
stimulation  was  estimated  by  determining,  at  different  times  throughout  the 
experiment,  the  amount  of  adrenalin  which  had  to  be  injected  to  give  approxi- 
mately a  pupil  dilatation  of  the  same  magnitude,  and  beginning  at  the  same 
time  interval,  as  the  dilatation  caused  by  the  liberated  epinephrin.  Both  sym- 
pathetics  were  divided  simultaneously  in  the  thorax,  so  that  the  glands  were 
under  equal  conditions,  except  for  stimulation  of  the  nerves  of  the  right.  At 
the  end  of  the  experiment  the  left  adrenal  weighed  0.159  gm.  and  contained 
0.20  mg.  of  epinephrin,  and  the  right  adrenal  weighed  0.181  gm.  and  contained 
0.08  mg.  of  epinephrin. 

The  assays  by  adrenalin  solution  of  the  amount  of  epinephrin  liberated  from 
the  right  adrenal  into  the  blood  yielded  the  following  results. 

Epinephrin  liberated  by  316  stimulations,  0.31  mg. 


Time. 

No.  of 
stimulations. 

Adrenalin 
correspond- 
ing to  each 
stimulation. 

Total 
epinephrin. 

3.10-5.01  p.m  

47 
95 
174 

mg. 

0.002 

mg. 

0.09 
0.12 
0.10 

5.04-7.28  p.m  

7.32  p.m.-12.1S  a.m  

0.0013 

0.0006 

1 
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With  the  short  time  of  each  stimulation  and  the  relatively  long 
intervals  of  rest,  it  is  to  be  supposed  that  the  power  of  the  adrenal 
to  respond  to  stimulation  of  its  nerves  was  conserved  as  much  as 
possible.  Nevertheless,  the  diminution  in  the  response,  which  was 
not  apparent  for  a  long  time  durmg  the  earlier  part  of  the  experiment 
became  more  marked  as  time  went  on.  This  is  strikmgly  illustrated 
in  the  table  showing  the  amount  of  Hberated  epinephrin.  The  174 
stimulations  in  the  last  period  yielded  only  0.10  mg.  of  epinephrin, 
while  forty-seven  stimulations  of  the  same  duration  (5  seconds) 
yielded  in  the  first  period  of  the  experiment  0.09  mg.  Add  to  this 
the  fact  that  the  strength  of  stimulation  had  to  be  considerably 
increased  in  the  latter  part  of  the  experiment,  as  shown  by  the  di- 
minished distance  between  the  coils  given  in  the  protocol. 

The  load  of  the  right  adrenal  at  the  time  the  nerves  were  cut  may 
be  taken  at  0.20  mg.,  the  same  as  that  of  the  left.  This  represents  a 
good  load  for  these  small  adrenals  (the  cat  weighed  only  a  little  over 
2  kilos),  especially  as  some  loss  must  have  occurred  in  the  hour 
after  the  administration  of  urethane  before  the  nerves  were  divided. 
The  right  adrenal  gave  off  to  the  blood  0.31  mg.  of  epinephrin,  of 
which  0.12  mg.  could  have  come  from  the  store.  This  is  on  the  as- 
sumption that  no  epinephrin  whatever  is  liberated  in  the  absence  of 
innervation.^  An  amount  approximately  equal  to  the  initial  load 
must  have  been  formed  in  the  time  the  experiment  lasted. 

In  other  experiments  lasting  for  a  shorter  time  we  have  not  been 
able  to  obtain  evidence  of  depletion  of  the  store  by  splanchnic  stimu- 
lation. In  one  with  over  fifty  stimulations,  each  of  which  caused  the 
liberation  of  enough  epinephrin  to  ehcit  good  eye  reactions,  no  de- 
ficiency in  the  store  of  the  stimulated  gland  was  found,  although  in 
the  4  hours  of  the  experiment  an  amount  of  epinephrin  not  less  than 
the  maximal  load  of  a  single  gland  in  the  cat  had  been  given  off  by  it 
to  the  blood. 

It  is  possible  that  in  prolonged  experiments  the  capacity  of  the 
adrenal  to  form  epinephrin  at  an  increased  rate  in  response  to  splanch- 
nic stimulation  is  lessened,  and  that  this  is  the  reason  why  depletion 
of  the  store  can  then  be  demonstrated. 
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TABLE  XV. 

Condensed  Protocol .  Cat  44,  Weight  2.25  Kilos.  Superior  Cervical  Ganglion  Excised 
17  Days  before.    Animal  Pregnant.    Cannulas  in  Right  Femoral  Vein  and 
Trachea.    Unless  Otherwise  Mentioned,  Time  oj  Stimulation 
Was  A  Iways  5  Seconds.    The  Left  Sytnpathetic  W as 
Stimulated  Only  Once. 


Time. 


p.  m 

1.40  

2.20  

2.45  

3.10  

3.30-4.08.  .  . 

4.08  

4.09-4.27. . 

4.27  

4.28-4.36. . 

4.36  

4.40-4.46. . 

4.47  

4.49-5.01. . 

5.02  

5.04-5.21. . 
5.22  


Urethane,  3  gm.  by  stomach  tube  

A  little  ether.  No  more  ether  during  experiment . .  . 
Both  sympathetics  (with  splanchnic)  ligated  and  cut 

in  thorax  

Stimulated  left  sympathetic  (11  cm.  between  coils). 
Stimulated  right  sympathetic  (3-5  sec.)  (9-10  cm.) 

10  times  

Adrenalin  injections.    Same  pupil  reactions  given  by 

0.3  cc.  (1  : 140,000)t 

Stimulated  right  sympathetic  (9  cm.)  15  times  

Adrenalin  injections.    Reaction,  0.3  cc  

Stimulated  right  sjrmpathetic  (9  cm.)  6  times  

Adrenalin  injections.    Reaction,  0.3  cc  

Stimulated  right  sympathetic  (9  cm.)  5  times  

Adrenalin  injections.    Reaction,  0.3  cc  

Stimulated  right  sympathetic  (9  cm.)  1 1  times  

Adrenalin  injections.    Reaction,  0.3  cc  

Stimulated  right  sympathetic  (9  cm.)  14  times  

Adrenalin  injections.    Reaction,  0.25  cc  


Interval  be- 
tween be- 
ginning of 
stimulation 
and  of  pupil 
dilatation. 


9.6 

6  6-7.8* 

6.0-7.2 
7.4-8.8 
7.6-8.2 
6.8-7.8 
7.2-8.0 


*  The  time  interval  of  the  pupil  reaction  was  constant  throughout  the  experi- 
ment. Only  the  minimum  and  maximum  times  are  given  in  this  column  for 
the  various  series  of  stimulations.  The  times  for  the  pupU  reactions  yielded  by 
these  10  stimulations  may  be  given  as  an  example  (7.4,  7.0,  7.4,  7.8,  7.8,  7.2, 
7.2,  7.6,  6.6,  7.2).  The  number  in  parenthesis  after  stimulation  gives  the  dis- 
tance between  the  coils  in  cm. 

t  Only  the  quantities  of  adrenalin  found  in  the  trial  injections  to  correspond 
with  the  effects  of  the  splanchnic  stimulations  are  reproduced  from  the  protocol. 
The  adrenalin  solution  was  itself  assayed.  The  corrected  concentration  is  what 
is  given  in  the  protocol.  A  freshly  made  solution  in  0.9  per  cent  sodium  chlo- 
ride was  used  for  each  assay.  The  adrenalin  solution  injected  was  always  a 
1:140,000.  The  concentration  of  the  solution  is  therefore  henceforth  omitted 
in  the  protocol. 
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TABLE  XV — Concluded. 


Time. 


p.  m. 

5.25-  5.36. . .'  

5.38  

5.40-5.59  

6.00  

6.02-6.18  

6.20  

6.22-6.36  

6.40  

6.42-6.53  

6.58  

7.00-7.28  

7.31  

7.32-7.50  

7.54  

7.55-8.10  

8.12  

8.15-8.38  

8.40  

8.42-9.20  

9.22  

9.26-  9.48  

9.50  

9.53-10.25  

10.27  

10.30-10.50  

10.53  

10.55-11.30  

11.34  

11.37  p.m.-12.15  a.m, 
12.15  a.  m  


Stimulated  right  sympathetic  (9  cm.)  8  times. . . 

Adrenalin  injections.    Reaction,  0.2  cc  

Stimulated  right  sympathetic  (9  cm.)  15  times. . 

AdrenaUn  injections.   Reaction,  0.2  cc  

Stimulated  right  sympathetic  (9  cm.)  13  times. . 

Adrenalin  injections.   Reaction,  0.2  cc  

Stimulated  right  sympathetic  (9  cm.)  12  tunes. . 

Adrenah'n  injections.    Reaction,  0.2  cc  

Stimulated  right  sympathetic  (9  cm.)  7  times. . . . 

Adrenahn  mjections.    Reaction,  0.2  cc  

Stimulated  right  sympathetic  (9  cm.)  26  times. . , 

Adrenalin  injections.    Reaction,  0.2  cc  

Stimulated  right  sympathetic  (9  cm.)  18  times.. . 

Adrenalin  injections.    Reaction,  0.1  cc  

Stimulated  right  sympathetic  (8  cm.)  13  times. . . 

Adrenalin  injections.    Reaction,  0.1  cc  

Stimulated  right  sympathetic  (8  cm.)  20  times. . . 

Adrenalin  injections.    Reaction,  0.1  cc  

Stimulated  right  sympathetic  (7.5  cm.)  26  times. 

Adrenalin  injections.    Reaction,  0.1  cc  

Stimulated  right  sympathetic  (7.5  cm.)  14  times. 

Adrenalin  injections.    Reaction,  0.1  cc  

Stimulated  right  sympathetic  (7.5  cm.)  24  times. 

Adrenalin  injections.    Reaction,  0.1  cc  

Stimulated  right  sympathetic  (7.5  cm.)  16  times. 

Adrenalin  injections.    Reaction,  0.1  cc  

Stimulated  right  sympathetic  (7.5  cm.)  23  times. 

AdrenaUn  injections.    Reaction,  0.1  cc  

Stimulated  right  sympathetic  (7.5  cm.)  20  times. 
Adrenalin  injections.    Reaction,  0.1  cc  


Interval  be- 
tween 
ginning  of 
stimulation 
and  of  pupil 
dilatation. 

stc. 

7.2-8.2 

6.6-^.6 

6.8-7.4 

6.4-7.2 

7.0-7.4 

6.6-7.2 

6.2-7.2 

6.2-8.8 

6.4-7.8 

6.4-7.8 

6.8-^.0 

6.8-7.8 

6.4-7.8 

6.8-8.8 

6.8-9.0 


Circulation  good  up  to  the  end  of  the  experiment;  the  heart  was  beating  well, 
although  the  pulse  was  gradually  becoming  more  rapid  toward  the  last  hour  of 
the  experiment. 

The  left  adrenal  weighed  0.159  gm.  and  contained  0.20  mg.  of  epinephrin. 
The  right  adrenal  weighed  0.181  gm.  and  contained  0.08  mg.  of  epinephrin. 
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SUMMARY. 

1.  No  evidence  has  been  obtained  that  in  cats  and  dogs  with  the 
nerves  of  one  adrenal  cut,  emotional  disturbances  cause  depletion 
of  the  epinephrin  store  of  the  normally  innervated  adrenal  as  com- 
pared with  its  fellow. 

2.  The  depletion  of  the  epinephrin  store  in  cats  under  morphine 
is  not  dependent  upon  so  called  morphine  fright,  since  a  similar 
depletion  is  found  in  dogs  in  which,  as  is  known,  morphine  produces 
symptoms  the  reverse  of  those  of  fright. 

3.  The  signs  of  morphine  fright  can  all  be  elicited  by  administering 
morphine  to  a  cat  in  which  one  adrenal  has  been  removed  and  the 
nerve  supply  of  the  other  cut,  and  in  which  accordingly  no  detectable 
liberation  of  epinephrin  takes  place. 

4.  The  reactions  of  the  denervated  iris  elicited  by  emotional  dis- 
turbance, asphyxia,  or  etherization  in  a  cat,  one  of  whose  adrenals 
has  been  removed  and  the  nerves  of  the  other  cut,  do  not  differ 
from  these  reactions  in  cats  whose  adrenals  have  not  been  interfered 
with. 

5.  The  influence  of  postoperative  edema  of  the  adrenal  in  diminish- 
ing the  epinephrin  load,  and  the  recuperation  of  the  load  after  a 
time,  have  been  studied  in  rabbits. 

6.  The  diminution  in  the  epinephrin  store  of  the  adrenals  which 
follows  operations  on  animals  (postoperative  depletion)  has  been 
studied.  It  is  only  in  part  associated  with  the  anesthesia,  since 
it  may  be  as  marked  6  or  8  hours  after  an  operation  lasting  less  than 
1  hour  as  after  6  or  8  hours'  anesthesia  without  operation. 

7.  One  adrenal  was  removed  in  rabbits  and  the  epinephrin  content 
of  the  remaining  gland  assayed  at  varying  periods  of  time  after 
removal  of  the  first,  the  periods  being  longer  than  the  time  necessary 
for  recovery  from  the  postoperative  depletion.  In  general,  the  second 
adrenal  contained  more  epinephrin  than  the  first,  sometimes  double 
the  amount. 

8.  Marked  depletion  of  the  epinephrin  store  of  innervated  adrenals 
as  compared  with  the  corresponding  denervated  glands  was  seen  in 
animals  dead  of  infections  of  various  kinds. 
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9.  As  shown  by  Elliott,  diminution  of  the  stock  of  epinephrin  in 
the  adrenal  through  electrical  stimulation  of  the  splanchnics  is  not 
easy  to  demonstrate,  despite  the  fact  that  the  liberation  of  epinephrin 
into  the  blood  is  notably  increased  by  the  stimulation.  With  short 
periods  of  stimulation,  however,  repeated  over  a  long  time  at  inter- 
vals just  long  enough  to  prevent  fatigue,  it  has  proved  possible  to 
demonstrate  a  distinct  depletion. 


Reprinted  from  the  Proceedings  of  the  Society  for  Experimental  Biology  and  Medi- 
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The  influence  of  certain  conditions  on  the  rate  at  which  epinephrin 
is  liberated  from  the  adrenals  into  the  blood. 

By  G.  N.  Stewart  and  J.  M.  Rogoff. 

[From  the  H.  K.  Gushing  Laboratory  of  Experimental  Medicine  of 
Western  Reserve  University,  Cleveland,  Ohio.] 

1.  By  means  of  the  rabbit  intestine  and  uterus  segment  tests, 
we  have  obtained  further  evidence  that,  under  our  experimental 
conditions  at  any  rate,  the  rate  of  discharge  of  epinephrin  into  the 
blood  of  the  adrenal  veins  is  relatively  steady  and  not  easily  in- 
fluenced by  such  procedures  as  we  have  tried ;  for  example,  stim- 
ulation of  the  afferent  fibers  in  large  peripheral  nerves  (sciatic 
and  brachial)  or  asphyxia.  This  is  not  because  the  discharge  is 
already  maximal  owing  to  the  necessary  conditions  of  the  experi- 
ment (trauma,  anesthesia,  etc.).  For,  by  electrical  stimulation 
of  the  cut  splanchnic,  the  rate  of  liberation  can  be  made  decidedly 
greater  than  the  rate  of  spontaneous  liberation  with  intact  splanch- 
nics. 

2.  Unlike  the  rate  of  liberation  per  unit  of  time,  the  concentra- 
tion of  epinephrin  in  the  adrenal  vein  blood  can  be  observed  to 
vary  decidedly  in  the  course  of  an  experiment,  increasing,  in 
general,  as  the  rate  of  blood  flow  decreases.  This  can  be  shown 
by  collecting  adrenal  vein  blood  in  successive  samples.  When  the 
blood  flow  slackens,  owing  to  hemorrhage  or  other  circumstances, 
the  earlier  specimens  will  be  found  to  contain  a  smaller  concen- 
tration of  epinephrin  than  the  later  specimens. 

For  example,  in  a  dog,  weighing  10  kg.,  the  first  sample  from  the  cava  pocket, 
into  which  the  adrenal  veins  were  alone  discharging,  flowed  at  the  rate  of  8  c.c.  per 
minute,  the  second  sample  7.2  c.c,  third  5.8  c.c,  fourth  4.4  c.c,  fifth  3.2  c.c,  sixth 
2.4  c.c,  seventh  1.5  c.c.  A  definite  increase  in  the  epinephrin  concentration  in  the 
successive  samples  was  clearly  shown  by  the  intestine  and  especially  by  the  uterus 
tests.  The  concentration  was  assayed  in  the  first  sample  at  somewhat  more  than 
I  :  3.300,000;  in  the  third  sample  at  somewhat  more  than  i  :  1,670,000;  in  the 
seventh  sample  at  somewhat  less  than  i  :  750,000. 
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The  increase  in  the  concentration  in  the  blood  is  far  too  great 
to  be  accounted  for  by  any  increase  in  the  relative  proportion  of 
plasma  to  corpuscles  associated  with  hemorrhage  without  change 
in  the  concentration  of  epinephrin  in  the  plasma.  And  it  has 
been  demonstrated  that  the  sera  separated  from  the  successive 
samples  of  blood  show  a  progressively  increasing  concentration  of 
epinephrin. 

Even  when  the  circulation  through  the  adrenals  is  stopped 
altogether  by  clamping  the  veins,  the  liberation  of  epinephrin  into 
the  pent-up  blood  continues  for  a  time  at  an  apparently  undi- 
minished rate  and  the  concentration  of  epinephrin  in  the  blood 
must  go  on  increasing. 

3.  For  the  reason  mentioned  in  paragraph  2  it  is  not  in  general 
permissible  to  deduce  changes  in  the  rate  of  liberation  of  epine- 
phrin from  changes  in  its  concentration  in  the  adrenal  vein  blood, 
unless  the  rate  of  blood  flow  through  the  adrenals  is  known. 
Changes  in  the  concentration  of  epinephrin  in  the  blood  of  the 
inferior  cava  above  the  adrenals  can  be  produced  by  alterations 
in  the  rate  of  blood  flow  in  the  cava,  even  where  the  rate  of  liber- 
ation of  epinephrin  from  the  adrenals  has  remained  constant. 

4.  No  evidence  has  been  obtained  that  after  section  of  the 
nerves  of  one  adrenal,  any  compensatory  increase  in  the  rate  of 
liberation  of  epinephrin  from  the  other  gland  occurs.  The  fact 
that  section  of  one  splanchnic  diminishes  the  discharge  of  epine- 
phrin by  a  half,  without  causing  any  material  fall  of  blood  pressure, 
affords  additional  evidence  that  the  epinephrin  discharged  by  the 
adrenal  veins  is  not  directly  a  factor,  or  at  least  not  an  important 
one  in  maintaining  the  blood  pressure. 


Reprinted  from  the  Proceedings  of  the  Society  for  Experimental  Biology  and  Medicine, 
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The  proportion  in  which  adrenalin  distributes  itself  between  cor- 
puscles and  serum  in  relation  to  the  technique  of  testing  for 
epinephrin  in  blood. 

By  G.  N.  Stewart  and  J.  M.  Rogoff. 

[From  the  H.  K.  Gushing  Laboratory  of  Experimental  Medicine  of 
Western  Reserve  University,  Cleveland,  Ohio.] 

1.  When  adrenalin  was  added  to  defibrinated  blood,  and  the 
blood  centrifuged  after  an  hour,  the  serum  was  found  by  the 
colorimetric  method  of  Folin,  Cannon  and  Denis,  to  contain 
practically  the  whole  of  the  added  adrenalin. 

3  c.c.  adrenalin  solution  (Parke,  Davis  &  Co.),  corresponding  to  2.64  mg.  epi- 
nephrin when  assayed  colorimetrically,  was  added  to  30  c.c.  cat's  defibrinated  blood. 
Correcting  for  the  small  amount  of  color  given  by  the  serum  itself  in  the  test,  the 
amount  of  adrenalin  found  in  10  c.c.  of  the  serum  separated  from  the  adrenalin  blood 
corresponded  to  1.37  mg.  epinephrin.  The  proportion  by  volume  of  serum  In  the 
blood  was  62  per  cent.  The  amount  of  serum  in  30  c.c.  of  the  adrenalin  blood  would, 
therefore  contain  1.37  X  30  X  62/100  =  2.55  mg.  adrenalin,  i.  e.,  all  the  adrenalin 
added  was  in  the  serum. 

2.  The  same  result  was  obtained  by  assaying  the  adrenalin  in 
the  serum  by  injection  into  a  pithed  cat  (method  of  Elliott), 
The  serum  gave  a  rise  indicating,  when  compared  with  that  given 
by  a  known  amount  of  adrenalin  in  control  serum,  that  10  c.c.  of 
it  contained  1.32  mg.  adrenalin.  This  compares  with  1.37  mg. 
by  the  colorimetric  method.  The  adrenalin  blood  gave  a  rise  of 
blood  pressure  less  than  that  given  by  the  serum  and  corresponding 
to  the  concentration  of  adrenalin  in  it.  The  sediment,  which  of 
course  contained  a  very  small  proportion  of  serum,  gave  no  meas- 
urable rise. 

3.  Similar  results  were  obtained  (with  dog's  blood  to  which 
adrenalin  had  been  added)  on  segments  of  rabbit's  intestine  and 
uterus.  The  sediment  gave  a  small  inhibition  of  the  intestine  and 
a  small  increase  of  tone  of  the  uterus  as  compared  with  the  serum. 
The  effect  of  the  adrenalin  blood  was  intermediate  in  amount. 
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4.  The  distribution  of  the  naturally  secreted  epinephrin  in  the 
blood  from  the  adrenal  veins  (of  the  dog)  was  also  investigated 
with  the  same  result.  Only  the  rabbit  intestine  and  uterus  were 
employed,  the  other  methods  not  being  sufficiently  sensitive  for 
the  small  concentrations  found  in  blood.  In  one  experiment  the 
concentration  of  epinephrin  intheblood  was  assayed  at  i :  8,000,000, 
in  the  serum  at  i :  3,000,000.  The  sediment  gave  practically 
nothing.  It  so  happened  that  the  blood  used  was  extremely  rich 
in  corpuscles,  a  circumstance  favorable  rather  than  otherwise  for 
testing  the  point  in  question,  as  the  serum  would  be  more  than 
ordinarily  rich  in  epinephrin  as  compared  with  the  blood,  if  all 
the  epinephrin  is  contained  in  the  plasma.  The  proportion  of 
serum  by  volume  in  the  blood  was  36  per  cent.  On  the  hypothesis 
that  all  the  epinephrin  was  in  the  serum,  this  would  give 
I  :  100/36  X  3,000,000,  i.  e.,  I  :  8,300,000  as  the  concentration 
in  the  blood. 

5.  When  search  is  being  made  for  the  minute  quantities  of 
epinephrin  present  in  blood,  serum  (or  plasma)  should,  in  general, 
be  preferred  to  blood  in  making  the  tests. 
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THE  PROPORTION  IN  WHICH  ADRENALIN  DISTRIB- 
UTES ITSELF  BETWEEN  CORPUSCLES  AND  SERUM 
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FOR  EPINEPHRIN  IN  BLOOD^ 
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In  using  such  biological  test-objects  as  rabbit  intestine  and 
uterus  segments,  etc.,  for  the  detection  of  epinephrin,  it  is 
desirable  to  know  how  the  epinephrin  is  distributed  between  the 
plasma  (or  serum)  and  corpuscles.  For  the  concentrations  of 
epinephrin  in  blood  being  always  small,  it  would  generally  be 
advantageous  to  employ  the  fraction,  supposing  the  distribution 
is  not  uniform,  in  which  the  greatest  concentration  exists. 

We  began  by  adding  adrenalin  (Parke,  Davis  and  Company) 
to  defibrinated  blood,  allowing  the  blood  to  stand  for  a  time 
and  then  centrifuging  it.  The  blood,  serum  and  sediment  were 
then  tested  on  rabbit  intestine  and  uterus  segments. 

Experiment  1 .  0.5  cc.  of  adrenalin  solution  (Parke,  Davis  and 
Company)  was  added  to  100  cc.  of  dog's  blood.  A  portion  of  the  mix- 
ture was  centrifuged  and  clear  serum  free  from  erythrocytes  obtained. 
The  adrenalin  solution  assayed  by  the  colorimetric  method  of  Folin, 
Cannon  and  Denis  as  equivalent  to  a  1:  1660  solution  of  epinephrin. 
In  order  to  obtain  a  decided  effect  the  adrenalin  was  purposely  added 
in  such  amount  as  would  given  a  concentration  larger  than  that  in 
which  the  naturally  secreted  epinephrin  exists  even  in  adrenal  vein 
blood.  Some  of  the  dog's  blood  without  addition  of  adrenalin  was 
also  centrifuged  and  the  defibrinated  blood,  serum  and  sediment  were 
used  for  the  segment  tests. 

'  A  preliminary  account  of  the  work  was  given  at  the  joint  meeting  of  the 
Federation  of  American  Societies  for  Experimental  Biology,  December  28,  1916. 
A  note  was  published  in  the  Proceedings  of  the  Society  for  Experimental  Biology 
and  Medicine,  January  17,  1917. 
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It  will  be  seen  from  figure  1^  that  the  inhibitory  effect  of  the 
serum  separated  from  the  adrenalin  blood  upon  the  rabbit 
intestine  segments  is  very  much  greater  than  that  of  the  sedi- 
ment. The  sediment  indeed  has  an  action  so  slight  as  to  suggest 
that  it  is  due  solely  to  the  serum  still  unavoidably  present  be- 
tween the  corpuscles.  The  effect  of  the  defibrinated  blood  is 
intermediate  in  magnitude  between  that  of  the  serum  and  sedi- 


FiG.  1.  Action  of  Adrenalin  Defibrinated  Blood,  Serum  and  Sediment 
(Experiment  1)  on  Intestine  Segments 

At  24,  Ringer  was  replaced  by  defibrinated  blood,  and  this  at  25  by  adrenalin 
defibrinated  blood,  diluted  with  3  volumes  of  defibrinated  blood.  At  26,  Ringer 
was  replaced  by  serum,  and  this  at  27  by  adrenalin  serum  diluted  with  3  volumes 
serum.  At  28,  Ringer  was  replaced  by  ordinary  sediment,  and  this  at  29  by  sedi- 
ment of  the  adrenalin  blood,  diluted  with  3  volumes  of  the  indifferent  sediment. 
The  inhibitory  effect  at  29  was  insignificant;  even  when  undiluted  adrenahn 
sediment  replaced  indifferent  sediment  at  31  the  effect  was  small,  compared  with 
that  of  the  diluted  adrenalin  serum  or  blood. 

ment.  The  observations  were  repeated  several  times  through- 
out the  experiment,  always  with  the  same  result. 

The  same  thing  is  even  better  seen  in  the  uterus  segment 
tracings  (fig.  2).  The  uterus  being  very  sensitive  to  adrenahn, 
it  was  necessary  to  greatly  dilute  the  Hquids  tested  in  order  to 

.  The  tracings  in  all  the  figures  except  figures  15  and  IG^have  been  reduced^o 
one-half.  Figure  15  is  not  reduced.  Figure  16  is  reduced  to  two-thirds.  Time 
trace  half  minutes. 
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obtain  a  comparison.  For  instance,  the  adrenalin  serum  when 
diluted  (with  Ringer's  solution)  in  the  proportion  of  1  in  6 
(observation  42,  fig.  2)  gave  a  maximal  effect,  as  was  the  case 
also  with  a  dilution  of  1  in  11  (observation  43).  With  a  dilution 
of  1  in  16  (observation  44)  the  effect  was  still  nearly  maximal, 


Fig.  2.  Action  of  Adrenalin  Defibrinated  Blood,  Serum  and  Sediment 
(Experiment  1)  on  the  Uterus  Segments 

At  4-2,  Ringer  was  replaced  by  adrenalin  blood  serum  (1  in  6),  at  43  by  the 
same  serum  (1  in  11),  at  44  by  the  same  serum  (1  in  16),  at  S2  by  the  same  serum 
(1  in  24).  At  51,  Ringer  was  replaced  by  adrenalin  blood  (1  in  24),  at  53,  by 
adrenalin  blood  sediment  (1  in  6),  at  54,  by  the  adrenalin  blood  sediment  (1  in  24), 
at  65  by  the  ordinary  defibrinated  blood  (1  in  6),  at  56,  by  the  ordinary  defibrin- 
ated blood  (1  in  24). 

except  that  the  rhythmical  contractions  were  not  so  completely 
suppressed  by  the  great  increase  of  tone.  Observation  52  shows 
the  effect  of  adrenalin  serum  in  the  dilution  1  in  24.  The  in- 
crease of  tone  is  much  greater  than  that  produced  by  the  adrenalin 
blood  similarly  diluted  (observation  51).  The  sediment  from 
the  adrenalin  blood  in  the  dilution  1  in  24  (observation  54) 
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gives  an  effect  far  smaller  than  that  of  the  adrenalin  blood  in  the 
same  dilution  and  not  very  much  greater  than  that  of  the  ordi- 
nary defibrinated  blood  (diluted  1  in  24)  (observation  56).  Even 
in  dilution  1  in  6,  the  adrenahn  sediment  causes  a  much  smaller 
rise  (observation  53)  than  the  serum  in  dilution  1  in  24. 

This  experiment,  then,  shows  that  the  fraction  of  the  adrenalin 
blood  containing  the  erythrocytes,  with  only  a  minimal  amount 
of  serum,  gives  both  with  the  intestine  and  with  the  uterus, 
adrenalin  effects  far  inferior  to  those  given  by  the  adrenalin 
blood,  and  that  the  action  of  the  adrenalin  blood  is  markedly 
less  than  that  of  the  serum. 

The  serum  made  up  52.3  per  cent  of  the  blood  as  estimated  by  the 
electrical  method.^  By  the  haematocrit  the  amount  of  serum  was 
48  per  cent  after  five  minutes  rotation,  49  per  cent  after  ten  minutes, 
50  per  cent  after  fifteen  minutes.  The  haematocrit  was  turned  4000 
times  a  minute.  While  the  haematocrit  may  give  results  which  are 
useful  for  comparative  purposes,  it  is  well  known  that  even  when 
undiluted  blood  is  used,  the  results  are  not  very  accurate  so  far  as  the 
absolute  proportion  of  serum  to  corpuscles  is  concerned,  since  the  sedi- 
ment goes  on  diminishing  for  a  long  time.  Nevertheless,  in  our  observa- 
tions the  haematocrit  readings  were  useful  for  checking  up  the  results 
given  by  the  electrical  method,  since  the  latter  gave  a  proportion  of 
serum  which  the  haernatocrit  readings  more  and  more  nearly  approached 
the  longer  the  period  of  rotation.  The  sediment  contained  5  per  cent 
of  serum,  estimated  by  the  electrical  method. 

With  the  relatively  large  quantity  of  adrenalin  added  to  the 
blood,  the  concentration  in  the  serum  was  so  great  that  a  maximal 
effect  was  produced  on  the  intestine  segments.  Therefore 
considerable  dilution  would  have  been  necessary  to  make  any- 
thing Hke  an  accurate  assay.  However,  from  such  observations 
as  were  made,  it  was  shown  that  the  concentration  of  adrenalin 
in  the  serum  must  have  been  greater  than  1 :  330,000,  and  less 
than  1: 110,000.  If  all  the  added  adrenahn  was  in  the  serum, 
the  concentration  would  be  1 :  175,000.  If  the  adrenalin  was 
uniformly  distributed  over  corpuscles  and  serum,  the  concen- 
tration in  the  serum  would  be  1 :  330,000. 

»  Stewart,  G.  N.,  Joum.  Physiol.,  1899,  xxiv,  356. 
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At  16  (fig.  3),  Ringer  was  replaced  by  indifferent  serum,  and 
this  at  i  7  by  the  serum  from  the  adrenaUn  blood.  The  great 
inhibition  carried  the  lever  2  cm.  below  the  drum.  At  8, 
Ringer  was  replaced  by  indifferent  serum,  and  this  at  9  by  serum 
containing  1 :  330,000  adrenaUn.  It  is  obvious  that  the  inhibi- 
tion at  i  7  is  greater  than  that  of  9.  Therefore  the  adrenalin 
blood  serum  contains  more  than  1:330,000  adrenalin.  At  18, 
Ringer  was  replaced  by  the  indifferent  serum,  and  this  a,t  19 
by  serum  from  the  adrenaUn  blood  diluted  with  two  volumes  of 
the  indifferent  serum.    The  inhibition  was  less  than  at  9,  there- 


1  .  -  ... 

^^^^^^^^^^^^^ 

1  ^1 

 v!  ■ 

Fig.  3.  Comparison  of  Serum  from  Adrenalin  Blood  (Experiment  1)  With 
Serum  to  Which  a  Known  Amount  of  Adrenalin  Had  Been  Added 

For  description  see  text 


fore  the  adrenalin  blood  serum  contained  less  than  1:110,000 
adrenaUn.  The  fact  that  the  sediment  exerts  so  small  an  adre- 
naUn action  compared  with  the  serum  or  blood  is  of  itself  almost 
a  quantitative  proof  that  practically  all  the  adrenalin  which  is 
effective  in  the  segment  reactions  is  in  the  serum.  It  might  be 
objected,  however,  that  a  material  fraction  of  the  added  adrenaUn 
had  entered  the  corpuscles,  but  that  being  bound  in  some  way 
within  them  and  not  being  able  freely  to  pass  out  of  them  it 
could  not  exert  its  action  on  the  segment.  Experiment  2 
demonstrates  that  there  is  no  foundation  for  this  suggestion. 
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In  experiment  2  adrenalin  was  added  to  cat's  blood  and  its 
concentration  in  the  serum  determined  by  the  colorimetric 
method  and  by  injection  into  a  pithed  cat  (ElUott's  method). 
Adrenalin  blood  and  sediment  were  also  tested  on  the  pithed  cat. 

Experiment  2.  3  cc.  adrenalin  solution  (Parke,  Davis  and  Com- 
pany), corresponding  to  2.54  mgm.  epinephrin  (as  assayed  colorimet- 
rically)  was  added  to  30  cc.  cat's  defibrinated  blood.  The  blood  was 
allowed  to  stand  for  cne  and  one-fourth  hours  and  then  centrifuged. 

rngm. 
epinephrin 

10  CC.  of  the  serum  gave  color  equivalent  to   1.47 

Color  given  by  the  ordinary  serum  in  the  test  equivalent  to   0.09 


1.38 

Added  1  cc.  adrenalin  solution,  corresponding  to  0.88  mgm.  epi- 
nephrin, to  10  cc.  serum.    The  color  in  the  test  was  equivalent  to.  0.96 
Color  due  to  the  serum   0.09 


0.87 

There  was  therefore  practically  no  loss  of  adrenalin  in  the  serum 
in  the  test.  The  defibrinated  blood  contained  62.5  per  cent  of  serum 
by  the  electrical  method;  by  the  haematocrit  57  per  cent  after  eight 
minutes'  rotation,  60.5  per  cent  after  sixteen  minutes,  62  per  cent 
after  twenty-one  minutes. 

Taking  the  amount  of  serum  as  62  per  cent,  30  cc.  of  blood 
would  contain  18.6  cc.  of  serum.  The  amount  of  adrenalin  found 
in  18.6  cc.  of  serum  would  be  1.38  X  1.86  =  2.56  mgm.,  i.e.,  all 
the  adrenalin  added  was  in  the  serum. 

Specimens  of  the  blood  pressure  tracings  from  the  pithed  cat 
ire  given  in  figures  4  to  6.  The  material  used  was  the  same  as 
ihat  used  for .  the  colorimetric  estimation.  Observation  4 
fig.  4)  shows  the  rise  produced  by  injection  of  0.1  cc.  of  the  serum 
feparated  from  the  adrenalin  blood  made  up  with  the  ordinary 
serum  to  0.3  cc.  The  rise  is  the  same  as  that  caused  in  observa- 
tion 3  by  0.3  cc.  of  serum  containing  0.0132  mgm.  adrenahn.''  0.1 
cc.  of  the  serum  separated  from  the  adrenalin  blood  therefore 

*  The  adrenalin  solution  in  serum  was  made  by  adding  to  10  cc.  of  the  serum 
1  cc.  of  adrenalin  solution  fParke,  Davis  and  Company)  which  assayed  by  the 
eclorimetric  method  as  equivalent  to  0.88  mgm.  epinephrin. 
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contains  0.0132  mgm.  adrenalin,  that  is,  10  cc.  of  the  adrenalin 
blood  serum  contains  1.32  mgm.    The  colorimetric  method 


Fig.  4.  Specimens  of  Blood  Pressure  Tracings  Used  in  Assay  of  Adrenalin 
IN  Serum  of  Blood  to  Which  Adrenalin  Had  been  Added.    (Experiment  2) 

The  line  of  zero  pressure  has  been  moved  up  30  mm.  Signal  line  above  time 
trace  shows  time  spent  in  each  injection  and  washing  in  with  Ringer.  For  fur- 
ther description  see  text. 


Fig.  5.  Comparison  of  Effect  Produced  on  Blood  Pressure  of  Pithed  Cat, 
BY  Serum  of  Blood  to  which  Adrenalin  Had  Been  Added 

AND  BY  THE   BlOOD  ItSELF 

The  line  of  zero  pressure  has  been  moved  up  15  mm.  19,  blood;  BO,  serum;  2S, 
blood;  24,  serum.  At  the  point  marked  with  a  cross  the  drum  jerked  forward  a 
little.   For  further  description  see  text. 

gave  1.38  mgm.  Observation  2  shows  the  effect  of  injection 
of  0.3  cc.  of  serum  containing  twice  as  much  adrenalin  as  the 
serum  injected  in  observation  3.    At  19  (fig.  5)  0.2  cc.  of  the 
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adrenalin  blood  was  injected,  and  at  20  the  same  amount  of 
serum  from  the  adrenalin  blood.  The  greater  effect  of  the  serum 
is  evident.  At  23  the  same  amount  of  adrenalin  blood,  but  made 
up  to  0.4  cc.  with  the  indifferent  blood,  was  injected.  Observa- 
tion 24  gives  the  effect  of  injection  of  0.2  cc.  of  serum  from  the 
adrenalin  blood  diluted  with  an  equal  volume  of  the  indifferent 
serum.  Observation  21  (fig.  6)  shows  the  effect  of  injection  of 
0.2  cc.  of  sediment  from  the  adrenalin  blood.  As  the  thick 
sediment  went  in  very  slowly,  another  observation  (22)  was 
made,  in  which  0.2  cc.  of  the  adrenalin  blood  sediment,  diluted 
with  an  equal  volume  of  the  ordinary  blood,  was  injected.  The 
rise  of  pressure  was  scarcely  more  than  that  produced  by  the 
injection  of  0.5  cc.  of  the  indifferent  serum  (observation  13). 


Fig.  6.  Blood  Pressure  Tracings  from  Pithed  Cat 

Showing  the  small  effect  produced  by  injection  of  sediment  from  blood,  to 
which  adrenalin  had  been  added  (observations  21  and  22).  Observation  13, 
indifferent  serum  injected.  Line  of  zero  pressure  moved  up  15  mm.  For  further 
description  see  text. 

Such  experiments  show  clearly  that  commercial  adrenalin 
chlorid  when  added  to  defibrinated  blood  remains  in  the  serum 
without  being  taken  up  by  the  corpuscles,  at  least  for  the  moder- 
ate periods  of  contact  employed.  Experiments  3  and  4  were 
intended  to  test  the  question  whether  the  same  is  true  for  the 
naturally  secreted  epinephrin.  It  was  conceivable  that  it 
might  exist  in  a  different  condition  in  the  blood,  which  would 
allow  it  to  distribute  itself  differently  over  the  corpuscles  and 
plasma.  It  has  been  assumed,  for  example,  that  the  permeability 
of  the  erythrocytes  for  a  given  salt  depends  upon  their  permea- 
bility for  both  ions.  If  one  ion  can  enter  while  the  other  can  not, 
then  in  general  the  salt  is  not  taken  up  by  the  corpuscles. 

Experiment  3  was  a  qualitative  experiment,  designed  to  show, 
first  of  all,  whether  the  same  difference  between  sediment  and 
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serum  of  adrenal  vein  blood  existed  as  had  been  demonstrated 
for  the  serum  and  sediment  of  blood  to  which  adrenalm  and  been 
added    A  dog,  weighing  14.9  kg,  was  anesthetized  with  ether, 


/  *1 
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Fig.  7.  Rabbit  Intestine  Segment 
At  6],  Ringer  replaced  by  indifferent  blood,  and  this  at  6%  by  the  sediment 
of  dog's  kdrenal  vein  blood.    At  63,  Ringer  was  replaced  by  the  indifferent  blood, 
and  this  at  6Ji,  by  the  serum  of  the  adrenal  vein  blood.    All  the  bloods  and  sera 
were  diluted  with  3  volumes  Ringer. 


Fig.  8.  Rabbit  Uterus  Segment 

At  86,  Ringer  was  replaced  by  serum  of  the  dog's  adrenal  vein  blood,  used  on 
the  intestine  segment  in  figure  7.  The  serum  was  diluted  with  14  volumes  Ringer. 
At  87,  sediment  from  the  adrenal  vein  blood,  and  at  88,  the  blood  itself,  in 
each  case  diluted  with  14  volumes  Ringer,  replaced  Ringer. 

and  pure  adrenal  vein  blood  collected  in  successive  samples 
from  a  cava  pocket.  In  figures  7  and  8,  specimens  of  the  results 
obtained  with  one  of  the  samples  (the  fifth)  on  the  rabbit  in- 
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testine  and  uterus  respectively,  are  reproduced.  The  sample 
consisted  of  22.9  cc.  of  blood  collected  during  three  minutes, 
fifty-five  seconds.  It  was  proved  post  mortem  that  only  adrenal 
vein  blood  could  enter  the  pocket.  It  will  be  seen  (fig.  7)  that 
the  sediment  of  the  blood  (observation  62)  produces  a  far  smaller 
inhibition  of  the  intestine  segment  than  the  serum  (observation 
64).  The  uterus  segments  show  the  same  marked  difference. 
Figure  8  is  an  example.  The  rise  of  tone  caused  by  the  serum 
of  the  same  sample  of  adrenal  vein  blood  (observation  86)  is 
much  greater  and  better  sustained  than  that  caused  by  the 
sediment  (observation  87).  The  blood  gave  a  rise  (observation 
88)  intermediate  in  amount,  especially  as  regards  the  manner 
in  which  it  was  sustained.  The  three  specimens  were  diluted 
with  14  volumes  Ringer,  but  the  segment  was  so  sensitive  that 
even  in  this  dilution  both  blood  and  sermn  produced  about  the 
maximum  effect,  as  regards  the  immediate  increase  of  tone,  and 
greater  dilution  would  have  been  required  to  bring  out  a  differ- 
ence in  this  respect  between  them. 

The  next  experiment  (experiment  4)  was  planned  to  afford  as 
accurate  as  assay  as  possible  of  the  epinephrin  concentration 
in  adrenal  vein  blood.  Since  the  possible  concentration  is  not 
sufficiently  great  for  quantitative  estimation  by  the  colorimetric 
method,  we  used  only  the  rabbit  intestine  and  uterus  segments, 
making  a  large  number  of  comparisons  with  indifferent  blood 
and  serum  to  which  known  amounts  of  adrenalin  had  been  added. 

Experiment  4.  Dog,  body  weight,  16.45  kg.  Ether  anesthesia. 
200  cc.  of  blood  was  first  collected  from  the  external  jugular  vein. 
Then  a  cannula  was  inserted  into  the  left  iliac  vein,  and  a  cava 
pocket  tied  off  so  as  to  collect  pure  adrenal  vein  blood.  It  was  veri- 
fied post-mortem  that  the  pocket  received  no  blood  except  from  the 
adrenals.  Blood  was  collected  from  the  pocket  in  four  successive 
samples  during  forty  minutes.  During  this  time,  the  blood  flowed 
without  interruption  from  the  cannula  draining  the  pocket.  Portions 
of  the  various  specimens  were  centrifuged  and  serum  obtained. 

Of  the  considerable  number  of  observations  made  to  estimate 
the  limits  of  the  epinephrin  concentration,  as  sharply  as  possible, 
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typical  specimens  are  shown  in  figures  9  to  15.  In  figure  9 
Ringer's  solution  was  replaced  at  by  jugular  blood  diluted 
^vith  2  volumes  Ringer,  and  this  at  by  blood  of  the  second 
pocket  specimen  similarly  diluted.  At  13  Ringer  was  replaced 
by  sediment  of  indifferent  (jugular)  blood  diluted  with  2  volumes 
Ringer,  and  this  at  i  4  by  sediment  of  the  second  pocket  specimen 
similarly  diluted.  The  difference  in  the  inhibitory  effects  of  the 
blood  and  sediment  is  very  striking. 


Fig.  9.  Comparison  of  Effect  of  Adrenal  Vein  Blood  and  its  Sediment  on 

Rabbit  Intestine  Segments 

//,  Ringer  replaced  by  indifferent  blood,  and  this  at  12  by  adrenal  vein  blood. 
13,  Ringer  replaced  by  sediment  of  indifferent  blood,  and  this  at  I4  by  sediment 
of  adrenal  vein  blood.    The  bloods  and  sera  were  diluted  with  2  volumes  Ringer. 

In  figure  10,  at  17,  Ringer's  solution  was  replaced  by  serum  of 
jugular  blood  diluted  with  4  volumes  Ringer,  and  this  &t  18 
by  serum  of  the  second  pocket  specimen  diluted  to  the  same 
degree.  At  19  Ringer  was  replaced  by  jugular  blood,  diluted 
with  4  volumes  Ringer,  and  this  at  20  by  blood  of  the  second 
pocket^  specimen  similarly  diluted.  It  will  be  noted  that  the 
effect  of  the  serum  is  much  greater  than  that  of  the  blood.  In- 
deed, by  referring  to  figure  9,  it  will  be  seen  that  the  inhibitory 
effect  of  the  serum  four  times  diluted  is  greater  than  that  of  the 
blood  twice  diluted,  i.e.,  the  serum  contains  a  concentration  of 
epinephrin  more  than  twice  as  great  as  the  blood. 
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Figures  11  to  14  give  specimens  of  tracings  taken,  with  rabbit 
intestine  segments,  to  assay  the  concentration  of  epinephrin  in 
the  adrenal  vein  blood  and  serum  by  comparing  their  effects 


Fig.  10.  Rabbit  Intestine  Segment 

At  17,  Ringer  replaced  by  indifferent  serum,  and  this  at  18  by  adrenal  vein 
serum.  At  19,  Ringer  replaced  by  indifferent  blood,  and  this  at  20  by  adrenal 
vein  blood.    The  bloods  and  sera  were  diluted  with  4  volumes  Ringer. 


Fig.  11. 

At  25^  Ringer  was  replaced  by  indifferent  blood  (from  a  jugular  vein)  diluted 
with  4  volumes  Ringer,  and  this  at  26  by  jugular  blood  to  which  1:2,000,000 
adrenalin  was  added,  the  mixture  being  then  diluted  with  four  volumes  Ringer. 
At  27,  Ringer  was  replaced  by  jugular  serum,  diluted  with  4  volumes  Rmger, 
and  this  at  28  by  jugular  serum  to  which  1  : 3,000,000  adrenalin  was  added,  the 
mixture  being  then  diluted  with  4  volumes  Ringer. 
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with  those  of  blood  and  serum  to  which  adrenalin  had  been 
added  in  known  amounts.  The  adrenalin  blood  and  serum  before 
application  to  the  segment  were  diluted  with  4  volumes  Ringer, 
and  the  adrenal  vein  blood  and  serum  were  similarly  diluted. 
It  will  be  understood,  for  instance,  that  when  a  blood  or  serum 
containing,  say,  1 :  2,000,000  adrenalin  is  used,  this  is  the  original 
concentration  before  dilution  with  the  4  volumes  Ringer. 

At  25  (fig.  11)  Ringer  was  replaced  by  jugular  blood,  and  this 
at  26  by  jugular  blood  containing  1 :  2,000,000  adrenalin.  By 
comparing  observation  26  with  observation  20  (fig.  10)  it  will 
be  obvious  that  1:2,000,000  is  far  above  the  concentration  of 
epinephrin  in  the  adrenal  vein  blood.  At  27  (fig.  11)  Ringer 
was  replaced  by  jugular  serum,  and  this  at  28  by  jugular  serum 
containing  1 :  3,000,000  adrenalin.  If  this  observation  be  com- 
pared with  observation  18  (fig.  10)  it  will  be  seen  that  the 
concentration  of  epinephrin  in  the  serum  of  the  second  pocket 
specimen  is  very  nearly  1 :  3,000,000. 

In  figure  12  (observation' 36)  it  is  shown  that  1 :  7,000,000  is 
much  below  the  concentration  in  this  serum.  Comparing  observa- 
tion 30  with  observation  20  (fig.  10),  it  can  be  deduced  that 
1 :  7,000,000  is  greater  than  the  concentration  in  the  blood  of 
the  second  pocket  specimen.  In  figm-e  13  it  is  demonstrated 
(observation  46)  that  1 :  6,000,000  is  much  above  the  concen- 
tration of  epinephrin  in  the  blood  of  the  second  pocket  specimen 
(observation  40),  and  that  1:10,000,000  (observation  48)  is 
below  the  concentration.  So  far,  then,  we  have  determined  that 
the  concentration  in  this  blood  lies  between  1 :  7,000,000  and 
1 :  10,000,000,  probably  nearer  the  former.  In  figure  14  it  is 
shown  that  indifferent  blood  containing  1 :  8,000,000  adrenalin 
(observation  66)  produces  almost  the  same  effect  on  the  intes- 
tine segment  as  blood  of  the  second  pocket  specimen  in  similar 
dilution  (observation  64). 

Accordingly,  in  this  blood  the  epinephrin  concentration  is 
approximately  1 :  8,000,000,  while  in  the  serum  separated  from 
it  it  is  approximately  1:  3,000,000.  The  blood  of  this  dog  was 
unusually  rich  in  corpuscles,  a  circumstance  favorable  rather 
than  otherwise  for  our  purpose,  as  a  given  concentration  of 
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Fig.  12.  Rabbit  Intestine  Segment 

At  29,  Ringer  was  replaced  by  jugular  blood,  diluted  with  4  volumes  Ringer 
and  this  at  30  by  jugular  blood  to  which  1:  7,000,000  adrenalin  was  added,  the 
mixture  being  then  diluted  with  four  volumes  Ringer.  At  35,  Ringer  was  re- 
placed by  jugular  serum,  diluted  with  4  volumes  Ringer  and  this  at  36  by  jugular 
serum  to  which  1:  7,000,000  adrenalin  had  been  added,  the  mixture  being  then 
diluted  with  4  volumes  Ringer. 


Fig.  13.  Rabbit  Intestine  Segment 

At  39,  Ringer  was  replaced  by  jugular  blood,  diluted  with  four  volumes  Ringer, 
and  this  at  40  by  adrenal  vein  blood  similarly  diluted.  At  4S,  Ringer  was  re- 
placed by  jugular  blood  diluted  with  four  volumes  Ringer  and  this  at  4S  by 
jugular  blood  to  which  1:6,000,000  adrenalin  had  been  added.  The  mixture 
being,  then  diluted  with  4  volumes  Ringer.  At  47  Ringer  was  replaced  by  jugu- 
lar blood  diluted  with  4  volumes  Ringer,  and  this  at  48  by  jugular  blood  to  which 
1:  10,000,000  adrenalin  had  been  added,  the  mixture  being  then  diluted  with 
4  volumes  Ringer. 
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epinephrin  in  the  blood  would  correspond  to  a  greater  con- 
centration in  the  serum  than  with  a  blood  poorer  in  corpusc  es 
The  proportion  of  serum  in  the  blood  of  the  second  pocket 
specimen  as  determined  by  the  electrical  method  was  36.5  per 


Fig.  14.  Rabbit  Intestine  Segment 

At  63  Ringer  was  replaced  by  jugular  blood  diluted  with  4  volumes  Ringer, 
and  this  at  64  by  adrenal  vein  blood  similarly  diluted.  At  65  Ringer  was  re- 
placed bj  jugular  blood  diluted  with  4  volumes  Ringer,  and  this  at  66  by  jugular 
blood  to  which  1:  8,000,000  adrenalin  had  been  added,  the  mixture  being  then 
diluted  with  4  volumes  Ringer. 


Fig.  15.  Effect  of  Adrenal  Blood  (16),  Serum  (15),  and  Sediment  {18) 

on  a  Rabbit  Uterus  Segment 

All  the  specimens  were  diluted  with  5  volumes  Ringer 

cent.  By  the  haematocrit  it  was  29.5  per  cent  after  forty  minutes 
rotation,  33  per  cent  after  sixty  minutes,  and  35  per  cent  after 
seventy  minutes.  The  serum  separated  very  slowly,  as  was  also 
the  case  when  the  blood  was  centrifuged  in  the  large  centrifuge. 
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Taking  the  proportion  of  serum  as  36  per  cent,  and  the  con- 
centration of  epinephrin  in  it  at  1 :  3,000,000,  the  blood  would 
contain  1 :  8,300,000  on  the  supposition  that  it  is  all  in  the  serum. 

The  great  deficiency  of  the  sediment  of  the  same  specimen  of 
adrenal  vein  blood  in  epinephrin  as  compared  with  the  serum 
was  strikingly  confirmed  on  the  rabbit  uterus  segment  (fig.  15). 
Observation  15  shows  the  rise  of  tone  produced  when  Ringer 


Fig.  16.  Rabbit  Intestine  Segment  Tests,  to  Show  Increase  in  Epinephrin 
Concentration  in  Successive  Samples  of  Adrenal  Vein  Blood 

At  49,  Ringer  was  replaced  by  jugular  vein  blood,  and  this  at  50  by  the  first 
specimen  of  adrenal  blood.  At  62,  the  second  specimen,  and  at  54  the  third 
specimen  of  adrenal  blood  replaced  jugular  blood.  All  the  bloods  were  diluted 
with  4  volumes  Ringer. 

was  replaced  by  the  serum  (diluted  with  5  volumes  of  Ringer) ; 
observation  16,  the  smaller  increase  of  tone  caused  by  the  blood 
similarly  diluted.  The  sediment  in  the  same  dilution  (observa- 
tion 18)  caused  practically  no  effect. 

We  may  conclude,  then,  that  within  the  limits  of  error  of  such 
an  assay  as  is  possible  with  intestine  and  uterus  segments,  the 
naturally  secreted  epinephrin  in  dog's  adrenal  vein  blood  is  all 
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in  the  plasma.  It  follows  from  this  that  in  searching  for  such 
minute  concentrations  of  epinephrin  as  can  exist  in  the  blood, 
the  chance  of  detection  is  about  twice  as  great  with  serum  (or 
plasma)  as  with  blood.  Further,  the  effective  concentration  of 
epinephrin  which  acts  upon  sensitive  structures  exposed  to  blood 
containing  it  is  about  double  the  concentration  calculated  on 
the  volume  of  the  entire  blood.  It  is  obvious  that  it  is  not  per- 
missible to  compare  serum  and  blood  on  the  assumption  that  the 
epinephrin  is  uniformly  distributed  over  erythrocytes  and  serum; 


Fig.  17.  Effect  of  the  Sera  from  the  Bloods  Whose  Action  on  the  Intestine 
Segment  is  Shown  in  Figure  16 

.A.t  58,  serum  of  the  first  specimen  of  adrenal  vein  blood  replaced  serum  of 
jugular  blood.  At  60,  serum  of  the  second  specimen,  and  at  62  serum  of  the 
third  specimen,  replaced  jugular  blood  serum.  All  the  sera  were  diluted  with  4 
volumes  Ringer. 

to  conclude,  for  instance,  from  the  fact  that  a  smaller  concen- 
tration of  epinephrin  was  found  in  a  sample  of  blood  than  in 
the  serum  of  another  sample,  that  the  rate  of  liberation  of  epi- 
nephrin had  increased  during  the  collection  of  the  second  sample. 

A  striking  illustration  of  the  fact  that  the  epinephrin  is  in  the 
plasma  is  afforded  by  comparison  of  the  effects  upon  intestine 
segments  of  a  series  of  samples  of  blood  successively  collected 
from  the  adrenal  vein  with  the  effects  of  the  sera  separated  from  ' 
them.  It  is  known  that  in  gene  al  the  epinephrin  concentration 
increases  in  the  successive  samples  of  blood,  at  least  when  the  l  ate 


410 


G.  N.  STEWART  AND  J.  M.  ROGOFF 


of  flow  is  progressively  diminishing.  The  increase  is  far  too  great 
to  be  accounted  for  by  any  increase  in  the  relative  proportion 
of  plasma  to  corpuscles  associated  with  hemorrhage  without 
change  in  the  concentration  of  epinephrin  in  the  plasma  (table  1). 
And  figures  16  and  17  show  clearly  that  the  concentration  in  the 
sera  of  successive  samples  goes  on  increasing.  Each  serum  not 
only  produces  a  greater  inhibition  of  the  intestine  segment  than 
the  corresponding  blood,  but  a  greater  inhibition  than  the  serum 
of  an  earlier  specimen. 

TABLE  1 


Jugular  blood  

Jugular  serum  

First  adrenal  blood. . . 
First  adrenal  serum . . . 
Second  adrenal  blood. 
Second  adrenal  serum 
Third  adrenal  blood. . 
Third  adrenal  serum.. 


Our  observations  were  confined  to  cat's  and  dog's  blood. 
Whether,  as  in  the  well-known  instance^  of  dextrose,  naturally 
secreted  epinephrin  or  added  adrenahn  distributes  itself  differ- 
ently in  the  blood  of  different  species  of  animal  there  is  no  evi- 
dence. 

SUMMARY 

1.  When  adrenahn  is  added  to  defibrinated  cat's  or  dog's 
blood  it  is  all  found  in  the  serum  within  the  limits  of  error  of  the 
methods  employed  for  its  assay  (colorimetric  method  of  Folin, 
Cannon  and  Denis;   Elliott's  method;  rabbit  intestine  and 

uterus  segments). 

2.  The  same  is  true  of  the  naturally  secreted  epinephrin  in 

dog's  adrenal  vein  blood. 

6  Rona  andMichaelis:  Biochem.  Zeitsch.  1909,  xvi,  60;  xviii,  375, 514;  1910,  xxx, 
99,  etc. 
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The  hyperglycaemia  and  glycosuria  associated  with  asphyxia 
have  been  explained  by  some  writers  as  due  to  stimulation  of  the 
adrenals  to  increased  hberation  of  epinephrin.  This,  however, 
is  a  hypothesis  unsupported  by  any  conclusive  evidence  showing 
that  in  asphyxia  the  rate  at  which  epinephrin  is  discharged  is, 
as  a  matter  of  fact,  increased.  Since  it  has  been  proved  that  the 
hberation  of  epinephrin  from  the  adrenals  is  under  the  control 
of  nerves,  it  would  seem  probable  that  asphyxia,  which  causes 
excitation  of  so  many  nervous  centers,  might  excite  the  central 
mechanism  on  which  the  epinephrin  secretion  depends.  We 
endeavored  to  put  the  question  to  the  test  by  collecting  adrenal 
blood  in  a  vena  cava  pocket,  and  then  by  releasing  the  pocket 
permitting  it  to  elicit  the  reactions  appropriate  to  epinephrin 
on  the  blood  pressure.  In  cases  in  which  the  pupil  was  not  too 
greatly  dilated  by  the  asphyxia  the  (denervated)  eye  reactions, 
after  excision  of  the  superior  cervical  ganghon  according  to  the 
procedure  of  Meltzer,  were  also  employed.  The  results  were 
negative  (1).  No  clear  difference  could  be  made  out  in  the 
magnitude  of  the  reactions,  in  cats,  when  adrenal  blood  was 
collected  in  the  pocket  for  equal  times  with  and  without  asphyxia. 
As  the  epinephrin  is,  of  course,  greatly  diluted  before  it  reaches 

»  A  preliminary  account  of  the  work  was  given  at  the  joint  meeting  of  the 
Federation  of  American  Societies  for  Experimental  Biology,  December  28,  1916. 
A  note  was  published  in  the  Proceedings  of  the  Society  for  Experimental  Biologv 
and  Medicine,  January  17,  1917. 
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the  sensitive  structures  concerned  in  the  blood  pressure  and  eye 
reactions,  we  have  repeated  the  observations  with  unmixed 
adrenal  blood  withdrawn  from  the  cava  pocket  by  a  cannula 
and  tested  upon  rabbit  intestine  and  uterus  segments  according 
to  the  method  introduced  by  one  of  us  (2) .  Specimens  of  adrenal 
blood  were  collected  for  accurately  measured  periods  of  time, 
with  free  and  with  obstructed  respiration.  Since  when  the 
adrenal  blood  flow  is  diminishing  in  successive  samples,  the  con- 
centration of  epmephrin  goes  on  increasing,  the  asphyxial  and 
non-asphyxial  periods  did  not  follow  each  other  in  any  definite 
order,  so  that  an  increase  of  concentration  due  merely  to  the 
diminution  in  the  blood  flow  might  not  simulate  an  increase  due 
to  asphyxia.  Special  weight  was  also  given  to  observations  in 
which  the  successive  samples,  with  and  without  asphyxia,  were 
collected  with  unchanged  rate  of  blood  flow.  Experiment  1  is 
an  example  of  such  experiments. 

Experiment  1.  Condensed  protocol.  Cat  (male).  3.41  kgm., 
weight.  Urethane.  A  sample  of  indifferent  blood  was  obtained  from 
the  jugular  vein.  Then  a  cava  pocket  ("short"  pocket)  was  made, 
the  renal,  coeliac,  mesenteric  arteries  and  abdominal  aorta  below  the 
renals  being  tied.  The  following  adrenal  blood  samples  were  then 
collected. 


NUMBER 
OP  ADRENAL 
SPECIMEN 

BLOOD  COLLECTED 

TIME  OP 
COLLECTION 

BLOOD  PLOW  PER 
MINUTE 

BBMASKS 

grams 

minutes 

seconds 

grams 

• 

1 

2.0 

50 

2.2 

No  asphyxia 

2 

2.9 

1 

15 

2.3 

Asphjrxia 

3 

3.1 

1 

20 

2.4 

Asphyxia 

4 

3.3 

1 

45 

1.9 

Without  asphyxia 

5 

4.0 

2 

2.0 

Without  asphyxia 

6 

3.2 

2 

1.6 

Asphyxia 

7 

2.0 

1 

2.0 

Without  asphyxia 

8 

6.5 

4 

25 

1.5 

Without  asphyxia 

Blood  was  now  obtained  from  the  abdominal  aorta.  Combined 
.  weight  of  adrenals,  0.550  gram. 

In  figure  1,  it  will  be  seen  that  the  sixth  adrenal  specimen 
(collected  during  asphyxia)  and  the  fifth  specimen  (collected 
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without  asphyxia)  caused  almost  the  same  amount  of  inhibition 
of  the  intestine.  The  same  thing  is  seen  in  figure  2,  where  the 
two  specimens  were  compared  in  a  different  dilution.  If  the 
sixth  specimen  has  a  shghtly  greater  effect  this  is  certainly  no 
more  than  would  be  associated  with  the  somewhat  smaller  rate 
of  blood  flow  when  the  sixth  sample  was  being  collected.  If 
asphyxia  is  capable  of  stimulating  the  adrenal  to  increased 


Fig.  1.  Intestine  Tracings.    Blood  from  Cat  Anesthetized  with  Urethane 

At  12,  Ringer  was  replaced  by  jugular  blood,  and  this  at  13  by  the  fifth  adrenal 
blood  specimen,  collected  without  asphyxia.  At  14,  Ringer  was  replaced  by 
jugular  blood,  and  this  at  15  by  the  sixth  adrenal  blood  specimen,  collected  during 
asphyxia.  The  bloods  were  diluted  with  six  volumes  of  Ringer.  As  in  all 
the  tracings,  the  time  is  marked  in  half  minutes.    (Reduced  to  two-thirds.) 

secretion  of  epinephrin,  a  marked  preponderance  of  epinephrin 
concentration  ought  to  have  been  seen  in  the  sixth  specimen. 
In  figure  3,  the  first  adrenal  specimen  (collected  without  asphyxia) 
is  seen  to  produce  at  least  as  great  an  effect  as  the  third  specimen 
(collected  during  asphyxia).  The  blood  flows  being  practically 
equal  during  the  collection  of  these  two  specimens,  it  can  be 
assumed  that  the  concentrations  of  epinephiin  in  them  would 
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have  been  equal  had  they  been  both  collected  during  free  respira- 
tion. The  obvious  conclusion  is  that  asphyxia  produced  either 
no  effect  whatever  on  the  rate  of  output  of  epinephrin;  or  so 
small  an  effect,  that  this  was  below  the  threshold  of  detectabiUty 
with  the  intestine  segments  employed.  This  conclusion  was 
confirmed  on  rabbit  uterus  segments  (fig.  4).  The  fifth  adrenal 
specimen  caused  quite  as-  great  an  increase  of  tone  as  the  third, 


Fig.  2.  Intestine  Tracings.    Blood  from  Same  Cat  Used  for  Figure  1 

At  SO  Ringer  was  replaced  by  jugular  blood,  and  this  at  31  by  the  sixth  adrenal 
specimen  (asphyxia).  At  32  Ringer  was  replaced  by  jugular  blood,  and  this  at 
33  by  the  fifth  adrenal  specimen  (without  asphyxia).  Bloods  diluted  with  eight 
volumes  Ringer.    (Reduced  to  two-thirds.) 

and  the  sixth  specimen  showed  no  definite  preponderance  over 
the  fifth.  An  increase  in  adrenalin  concentration  from  1 :  3,000,- 
000  (fig.  4,  observation  40)  to  1:  2,000,000  (observation  41)  could 
have  been  easily  detected  by  the  uterus  segment,  and  no  doubt 
a  much  smaller  difference. 

Other  experiments  of  this  type  on  cats  yielded  a  similar  result. 
No  clear  evidence  was  obtained  in  any  of  them  from  a  comparison 


Fig.  3.  Intestine  Tracings.  Blood  from  Same  Cat  Used  for  Figures  1  and  2 
.  At  42  Ringer  was  replaced  by  jugular  blood,  and  this  at  43  by  the  first  adrenal 
blood  specimen  (without  asphyxia).  At  H  Ringer  was  replaced  by  jugular  blood. 
At  45  some  more  jugular  blood  was  added,  which  was  replaced  &i  46  by  the 
third  adrenal  specimen  (asphyxia).  Bloods  diluted  with  eight  volumes  Ringer. 
(Reduced  to  two-thirds.) 


Fig.  4.  Uterus  Tracings  with  Blood  from  Cat  Used  for  Figures  1  to  3 

At  30  Ringer  was  replaced  by  the  fifth  adrenal  blood  specimen  (without  asphyx- 
ia); at  Si  by  the  sixth  adrenal  specimen  (asphyxia).  Both  bloods  were  diluted 
with  twenty  volumes  Ringer.  At  38  Ringer  was  replaced  by  the  fifth  adrenal 
specimen;  at  39  by  the  third  adrenal  specimen  (asphyxia).  Both  bloods  diluted 
with  nine  volumes  Ringer.  At  40  adrenalin  in  carotid  blood  (1 :  3,000,000)  and 
at  4i  adrenalin  in  carotid  blood  (1 :  2,000,000)  replaced  Ringer.  Both  adrenalin 
bloods,  after  being  made  up  to  the  concentrations  mentioned,  were  diluted  with 
nine  volumes  Ringer  before  application  to  the  segment.  The  weight  was  in- 
creased between  observations  31  and  38.    (Reduced  to  one-half.) 
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of  adrenal  bloods  collected  during  and  without  asphyxia  that  the 
rate  of  epinephrin  output  was  sensibly  increased  by  asphyxia. 
In  one  of  these  experiments  on  a  cat  anesthetized  with  urethane, 
adrenal  blood  collected  during  asphyxia  was  compared  with 
adrenal  blood  collected  during  stimulation  of  sensory  nerves 
(sciatic)  (3),  and  both  specimens  with  adrenal  blood  collected 
during  free  respiration  and  without  sensory  stimulation.  No 
unequivocal  difference  in  the  rate  of  hberation  of  epinephrin  in 
the  different  samples  could  be  made  out. 

In  the  next  experiment  a  dog  was  employed,  to  insure  such  a 
large  flow  of  blood  that  the  dead  space  in  the  cannula  and  cava 
pocket  would  be  very  quickly  washed  out  between  successive 
samples.  In  the  cats,  the  "overlapping"  of  the  asphyxial  and 
non-asphyxial  specimens  was  reduced  to  a  minimum  by  begin- 
ning the  asphjoda  a  little  before  the  completion  of  collection  of  the 
preceding  non-asphyxial  specimen,  and  stopping  it  a  Uttle  be- 
fore the  end  of  the  collection  of  the  asphyxial  specimen.  From 
the  very  large  blood  flows  into  the  pocket  in  experiment  2,  it  is 
possible  that  some  small  vein  going  to  the  pocket  was  left  untied, 
although  no  evidence  of  this  was  found  at  the  end  of  the  experi- 
ment. It  is  easier  in  the  cat  than  in  the  dog  to  be  certain  that 
jiothing  has  escaped  Hgation.  However,  in  connection  with  the 
relatively  large  blood  flow  commonly  observed  in  these  experi- 
ments, both  in  cats  and  dogs,  it  must  be  noted  that  usually  the 
blood  pressure  was  quite  high  during  a  considerable  part  of  the 
experiment,  since  so  many  arteries  (renal,  coeliac,  mesenteric 
and  abdominal  aorta)  were  tied  off.  Whether  a  small  leak 
existed  or  not  in  this  dog  makes  no  difference  to  the  result  of  the 
experiment,  since  it  would  affect  all  the  samples  proportionally. 

.  Experiment  2.  Condensed  protocol.  Dog  (female).  Weight,  7.5 
kgm.  Ether.  Cava  pocket  made  (renal,  coeliac,  mesenteric  and  both 
Uiac  arteries  tied).  Cannulae  inserted  into  each  iliac  vein.  Indiffer- 
ent blood  obtained  from  jugular  vein.  The  following  specimens  of 
adrenal  blood  were  then  collected  from  the  cava  pocket : 

The  first  four  specimens  were  collected  through  the  right  iliac  can- 
•  nula,  and  the  last  three  through  the  left.    While  clipping  off  the  right 
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NUMBER 
OF  ADRENAL 
SPECIMEN 

BLOOD  COLLECTED 

TIME  OP 
COLLECTION 

BLOOD  FLOW  PER 
MINUTE 

REMARKS 

CC. 

minutes 

seconds 

CC. 

1 

8.05 

20 

24.0 

Asphyxia  begun 

■  2 

37.1 

2 

18.5 

Asphyxia 

3 

30.5 

2 

15.2 

Without  asphyxia 

4 

23.5 

1 

47 

13.4 

Without  asphyxia 

5 

35.0 

2 

5 

16.6 

Asphyxia 

6 

23.0 

2 

20 

10.0 

Without  asphyxia 

7 

14.3 

2 

15 

6.35 

Without  asphyxia 

and  releasing  the  left  the  pocket  filled  up,  and  the  amount  of  blood 
collected  in  the  fifth  specimen  is  greater  than  it  should  have  been. 
Thus  the  greater  flow  for  the  fifth  specimen  given  in  the  table  is  only 
apparent.  The  epinephrin  concentration  would  of  course  not  be 
affected  by  this  as  it  remained  occluded  at  the  upper  end.  Combined 
weight  of  adrenals,  0.96  gram. 


Fig.  5.  Uterus  Tracings 


At  1  Ringer  was  replaced  by  carotid  blood  from  a  dog;  at  2  by  the  second 
adrenal  blood  specimen  from  the  dog,  collected  during  asphyxia;  at  S  by  the 
third  adrenal  blood  specimen,  collected  without  asphyxia;  at  4  by  the  fourth 
adrenal  specimen,  collected  without  asphyxia.  All  bloods  diluted  with  four 
volumes  Ringer.    (Reduced  to  one-half.) 

In  figure  5,  some  of  the  uterus  tracings  from  experiment  2  are 
reproduced.  Observations  2  and  3  show  that  the  third  adrenal 
sample  (collected  without  asphyxia)  is  at  any  rate  as  rich  in 
epmephrm  as  the  second  (collected  during  asphyxia).  Intestine 
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segment  tracings,  not  reproduced,  demonstrated  that  the  third 
specimen  contained,  indeed,  somewhat  more  epinephrin  than  the 
second,  which  agrees  with  the  shghtly  greater  blood  flow  diu-ing 
collection  of  the  second  specimen.  The  progressive  increase 
m  concentration  in  successive  samples  was  well  shown  on  the 
uterus  segments,  for  the  adrenal  specimens  from  the  fifth  to  the 
seventh,  despite  the  fact  that  the  sixth  and  seventh  samples 
were  collected  without  asphyxia  and  might  therefore  have  been 
expected  to  possess  a  smaller  content  of  epinephrin  than  the 
fifth  sample,  had  asphyxia  been  capable  of  increasing  the  output 
to  an  extent  detectable  by  these  methods. 

It  might  be  objected  that  under  the  experimental  conditions 
(anesthesia,  trauma,  etc.)  the  output  of  epinephrin  was  so  stimu- 
lated that  it  was  abeady  at  or  near  the  possible  maximum  in 
the  periods  of  free  respiration.  In  this  case  asphyxia  could 
not  cause  a  demonstrable  increase.  Although  it  is  easy  to  show 
that  the  rate  of  liberation  under  the  same  conditions  can  be 
readily  increased  through  the  secretory  nerves,  namely,  by 
electrical  stimulation  of  the  splanchnic,  some  experiments  were 
made  in  which  the  use  of  a  chemical  anesthetic  was  avoided, 
naturally  by  the  substitution  of  methods  which  rendered  the 
animal  completely  insensitive.  No  difference  in  the  result  was 
found. 

Experiment  3.  Condensed  protocol.  Dog  (male).  Weight,  11.05 
kgm.  Rendered  insensitive  by  destruction  of  the  cerebral  cortex 
with  some  of  the  underlying  centrum  ovale.  Under  ether,  trephined 
and  curetted  away  the  cerebral  cortex.  Tracheal  and  jugular  cannulae 
inserted  and  specimen  of  jugular  blood  obtained.  "Short"  cava  pocket 
made,  renal,  coeliac  and  mesenteric  arteries  and  abdominal  aorta  being 
tied.  Started  artificial  respiration,  although  the  animal  was  breathing 
spontaneously,  and  collected  the  following  adrenal  blood  samples: 


NUMBER 
OF  ADRENAL 
SPECIMEN 

BLOOD  COLLECTED 

TIME  OF 
COLLECTION 

BLOOD  FLOW  PER 
MINUTE 

REM.VRKS 

grams 

minutes 

seconds 

grams 

1 

7.0 

1 

45 

4.0 

Without  asphyxia 

2 

7.7 

2 

35 

3.0 

Without  asphyxia 

3 

,8.5 

4 

2.1 

During  asphyxia 

4 

8.8 

5 

40 

1.5 

During  asphyxia 

.  5 

4.5. 

6 

0.75 

Without  asphj'^xia 
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A  sixth  specimen  was  collected  during  asphyxia,  but  partial  clotting 
in  the  cannula  prevented  proper  estimation  of  the  rate  of  flow. 

Specimens  of  the  uterus  tracings  from  experiment  3  are 
reproduced  in  figui-e  6.  A  regular  increase  in  the  effect  is  ob- 
served from  the  second  to  the  sixth  adrenal  specimen,  without 
any  apparent  relation  to  the  presence  or  absence  of  asphyxia. 
The  second  specimen  (observation  28)  caused  a  smaller  increase 


Fig.  6.  Uterus  Tracings.    Blood  from  Dog  With  Cerebral  Hemispheres 

Destroyed 

At  28  Ringer  was  replaced  by  the  second  adrenal  specimen  (without  asphyxia) ; 
at  29  by  the  third  adrenal  specimen  (asphyxia) ;  at  SO  by  the  fourth  adrenal  speci- 
men (asphyxia) ;  at  31  by  the  fifth  adrenal  specimen  (without  asphyxia) ;  at  37 
by  the  sixth  adrenal  specimen  (asphyxia);  at  4^  by  jugular  vein  blood.  All 
bloods  diluted  with  fifteen  volumes  Ringer.  At  34  adrenalin  in  jugular  blood 
(1:2,000,000);  at  36  adrenalin  in  jugular  blood  (1:3,000,000);  at  36  adrenalin 
in  jugular  blood  (1 :  4,000,000)  replaced  Ringer.  The  adrenalin  bloods,  after  being 
made  up  to  the  concentrations  mentioned,  were  diluted  with  15  volumes  Ringer 
before  application  to  the  segment.    (Reduced  to  one-half.) 

of  tone  in  the  segment  than  the  third  (observation  29).  But 
this  was  not  due  to  its  having  been  collected  during  asphyxia, 
for  the  fifth  specimen  (observation  31),  collected  without  as- 
phyxia, produced  a  decidedly  greater  effect  than  the  fourth  (ob- 
servation 30),  collected  during  asphyxia.  The  third  and  fourth 
specimens  were  both  collected  during  asphyxia;  but  the  fourth 
caused  the  greater  effect  upon  the  uterus,  particularly  as  regards 
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the  persistence  of  the  increased  tone.  The  somewhat  greater 
concentration  of  epinephrin  in  the  fourth  specimen,  as  compared 
with  the  thu-d,  cannot  be  connected  with  any  stimulation  of  the 
epinephrin  secretion  by  asphyxia,  since  this  would  equally  be 
present  during  collection  of  the  third  specimen.  It  is  undoubt- 
edly due  to  the  fact  that  the  rate  of  flow  when  the  fourth  speci- 
men was  being  obtained  was  somewhat  less  than  when  the  third 
specimen  was  being  obtained.  The  rate  of  liberation  of  epi- 
nephrin per  minute  being  approximately  constant  at  this  time,  a 
diminution  in  the  rate  of  blood  flow  was  necessarily  associated 
with  a  corresponding  increase  in  the  epinephrin  concentration. 
An  increase  in  concentration  from  1 : 4,000,000  to  1 :  3,000,000, 
or  from  1 : 3,000,000  to  1 : 2,000,000  (observations  34  to  36) 
could  easily  be  detected  by  the  uterus  segment,  and  assuredly 
much  smaller  changes  in  concentration. 

ElUott  (4)  states  that  after  brain  mutilations  in  cats  the 
epinephrin  store  of  the  adrenals  is  markedly  diminished  through 
the  nerves  coming  to  the  semilunar  ganglion  from  the  sympa- 
thetic. He  considers  that  this  is  due  to  irritation  of  a  secretory 
nerve  path  caused  by  the  brain  lesion  leading  to  increased  dis- 
charge of  epinephrin.  However,  he  made  no  experiments  to 
show  that  the  rate  of  liberation  is,  as  a  matter  of  fact,  increased. 
Assays  of  adrenal  blood  specimens  from  the  dog  studied  in 
experiment  3  showed,  indeed,  that  the  output  of  epinephrin  per 
kilogram  of  body  weight  per  minute  was  less  than  that  usually 
found  in  anesthetized  dogs  with  intact  central  nervous  system. 
The  lack  of  the  stimulating  action  on  the  secretory  mechanism 
attributed  by  various  writers  to  anesthetics  might  seem  to  afford 
an  explanation.  There  is  no  real  proof,  however,  that  anesthet- 
ics possess  such  an  action.  In  any  case,  the  moderate  rate  of 
output  of  epinephrin  with  free  respiration  ought  to  have  suppHed 
the  most  favorable  condition  for  bringing  out  an  asphyxial 
increase,  if  any  decided  increase  could  be  produced  by  asphyxia. 

In  the  next  experiment  (experiment  4),  mutilation  of  the  brain 
and  chemical  anesthesia  were  both  avoided  by  rendering  the 
animal  insensitive  through  increase  of  intracranial  pressure. 
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Experiment  4-  Condensed  protocol.  Dog  (female).  Weight,  10.4 
kgm  Under  ether,  trephined;  inserted  rubber  bag  (condom)  through 
trephine  hole;  brought  up  the  pressure  to  250  mm.  of  mercury,  and  kept 
the  pressure  between  200  and  250  mm.  through  the  whole  tune  of  col- 
lection of  the  adrenal  bloods.  Ether  was  discontinued  as  soon  as  the 
pressure  was  begun,  and  artificial  respiration  was  started.  A  sample 
of  jugular  blood  was  obtained.  Then  a  "short"  cava  pocket  was  made, 
the  renal,  coeliac  and  mesenteric  arteries  and  abdominal  aorta  bemg 
tied.    The  following  specimens  of  adrenal  blood  were  collected: 


NUMBER 
OF  ADRENAL 
SPECIMEN 

BLOOD 
COLLECTED 

TIME  OF 
COLLECTION 

BLOOD 
FLOW  PER 
MI  NOTE 

REMARKS 

grams 

minutes 

seconds 

grams 

1 

6.3 

1 

10 

6.0 

Without  asphyxia 

2 

6.8 

4 

.  15 

1.6 

With  asphyxia 

3 

4.5 

3 

20 

1.4 

Without  asphyxia 

4 

5.7 

3 

40 

1.6 

Without  asphyxia 

5 

6.8 

4 

1.7 

During  asphyxia 

6 

9.0 

5 

30 

1.7 

During  asphyxia 

7 

7.7 

3 

2.6 

Without  asphyxia 

8 

13.8 

5 

20 

2.6 

Without  asphyxia 

9 

9.0 

5 

1.8 

With  greater  degree  of  asphyxia  than 

before 

10 

6.4 

2 

40 

2.5 

Without  asphyxia 

Combined  weight  of  adrenals,  1.46  grams.  Clot  was  removed  from 
the  cannula  between  collection  of  the  fourth  and  fifth  samples,  and 
again  between  the  ninth  and  tenth  samples. 

In  figures  7  and  8  are  reproduced  some  of  the  intestine  segment 
tracings  from  experiment  4.  Figure  7  shows  that  the  third 
adrenal  specimen  (obtained  without  asphyxia)  had  a  somewhat 
greater  inhibitory  power  than  the  second  specimen  (collected 
during  asphyxia),  corresponding  to  the  somewhat  slower  flow 
of  the  third  specimen.  The  difference  in  the  flows,  however, 
was  so  slight  that  asphyxial  stimulation  of  the  secretion  ought 
to  have  easily  produced  an  excess  of  epinephrin  in  the  second 
specimen  had  any  detectable  stimulation  existed.  The  con- 
centration of  epinephrin  in  the  third  specimen  was  about  1 : 3,- 
000,000  (fig.  8,  observations  40  and  44),  and  much  greater  than 
1:5,000,000   (observation   42).    Similar   comparisons   of  the 
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other  samples  collected  with  free  respiration  and  during  asphyxia 
yielded  the  same  result.  In  no  case  was  any  difference  found 
which  could  be  attributed  to  asphyxia.  This  was  not  because 
the  concentrations  were  already  maximal,  although  owing  to 
the  relatively  small  blood  flow  they  were  fairly  high  for  a  dog. 

The  objection  might  be  offered  that  the  high  intracranial 
pressure  had  rendered  the  central  mechanism  concerned  in  the 


Fig.  7.  Intestine  Tracings.    Blood  from  Dog  Rendered  Insensitive  by 
Increased  Intracranial  Pressure  (Experiment  4) 

At  23  Ringer  was  replaced  by  jugular  blood,  and  this  at  24  by  the  third  adrenal 
specimen  (collected  without  asphyxia).  At  25  Ringer  was  replaced  by  jugular 
blood,  and  this  at  26  by  the  second  adrenal  specimen  (asphyxia).  Bloods  diluted 
with  two  volumes  Ringer.    (Reduced  to  two-thirds.) 

liberation  of  epinephrin  anemic,  supposing  it  to  be  situated 
within  the  skull,  and  that  it  was  therefore  incapable  of  respond- 
ing to  the  asphyxial  blood.^    We  have  shown,  however,  that 

2  It  was,  indeed,  with  the  object  of  testing  this  idea  that  the  high  intracranial 
pressure  was  maintained  throughout  the  experiment.  Two  of  the  adrenal  blood 
samples,  the  fifth  and  the  eighth,  had  a  decidedly  smaller  concentration  of  epi- 
nephrin, as  tested  by  rabbit  intestine  segments,  than  samples  obtained  earlier, 
as  well  as  later  in  the  series.    We  have  never  observed  this  phenomenon  except 
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an  the  cat)  a  central  mechanism  for  epinephrin  secretion  exists 
in  the  upper  part  of  the  thoracic  cord  (5) ;  and  there  is  no  ap- 
parent reason  why  this  should  not  have  been  stimulated  by  as- 
phyxia Further,  it  must  be  distmctly  pointed  out  that  even  it  it 
were  clearly  proved  that  a  "center"  exists  in  the  bulb  or  higher, 
the  integrity  of  which  is  essential  to  the  reduction  of  the  epi- 


Fig.  8.  Intestine  Tracings.    Blood  from  the  Same  Dog  Used  for  Figure  7 

At  39  Ringer  was  replaced  by  jugular  blood  and  this  at  40  by  the  third  adrenal 
blood  specimen  (without  asphyxia).  At  41  Ringer  was  replaced  by  jugular  blood, 
and  this  at  4^  by  adrenalin  (1:  5,000,000)  in  jugular  blood.  At  43  Ringer  was 
replaced  by  jugular  blood  and  this  at  44  by  adrenalin  (1:  3,000,000)  in  jugular 
blood.  The  bloods  were  diluted  with  two  volumes  Ringer,  the  adrenalin  bloods 
being  first  made  up  in  undiluted  blood  to  the  concentrations  mentioned,  and  the 
mixture  then  diluted  (with  two  volumes  Ringer).    (Reduced  to  two-thirds.) 

nephrin  store  of  the  adrenals  under  various  conditions  (Elliott 
(4)),  this  is  no  direct  proof  that  such  a  center  controls  the  rate  of 

in  two  dogs  with  increased  intracranial  pressure.  In  the  cats  with  increased 
intracranial  pressure  it  was  not  seen.  In  any  case,  in  the  experiment  under 
discussion  the  deficiency  of  epinephrin  in  these  two  samples  aflfords  no  evidence 
that  asphyxia  stimulates  the  secretion  of  epinephrin.  For  one  of  the  specimens 
(the  fifth)  was  collected  during  asphyxia  and  the  other  (the  eighth)  with  free 
respiration.  It  is  conceivable,  of  course,  that  an  intracranial  "centre"  already 
crippled  by  anaemia,  might  have  its  paralysis  completed  by  a  period  of  asphyxia. 
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liberation  of  epinephrin  into  the  blood.  For  an  increased  output 
of  epinephrin  is  not  the  only  way  in  which  a  diminution  of  the 
epinephrin  store  in  the  adrenals  could  be  caused.  Neverthe- 
less, in  experiment  5  an  attempt  was  made  to  take  account  of 
this  objection  by  lowering  the  intracranial  pressure  as  soon  as 
the  animal  became  insensitive.  The  result  of  Experiment  5, 
however,  differed  in  no  essential  way  from  that  of  Experiment  4. 

Experiment  5.  Condensed  protocol.  Dog  (male).  Weight,  9.25 
kgm.  Rendered  insensitive  by  increased  intracranial  pressure.  Under 
ether,  trephined  and  inserted  rubber  bag.  Got  up  pressure  to  250 
mm.  of  mercury.  Discontinued  ether.  Decreased  the  pressure  as  the 
blood  pressure  fell.  Started  artificial  respiration.  Obtained  speci- 
men of  jugular  blood.  Made  short  cava  pocket,  tying  renal,  coeliac 
and  mesenteric  arteries  and  abdominal  aorta.  Collected  the  following 
specimens  of  adrenal  blood: 


NUMBER 
OF  ADRENAL 
SPECIMEN 

BLOOD  COLLECTED 

TIME  OF 
COLLECTION 

BLOOD  FLOW  PER 
MINUTE 

REMARKS 

grams 

minutes 

seconds 

grams 

1 

14.3 

1 

14.3 

Without  asphyxia 

2 

8.7 

45 

11.6 

Without  asphyxia 

3 

8.8 

1 

50 

5.0 

During  asphyxia 

4 

6.7 

1 

40 

4.2 

During  asphyxia 

5 

14.9 

2 

15 

6.6' 

Without  asphyxia 

6 

12.4 

2 

30 

5.0 

Without  asphyxia 

7. 

20.7 

2 

55 

6.8 

During  asphyxia 

8 

10.3 

1 

30 

6.8 

Without  asphyxia 

Another  specimen  of  jugular  blood  was  now  obtained.  All  the 
bloods  were  centrifuged,  and  the  sera  tested  on  rabbit  intestine  and 
uterus  segments.    Combined  weight  of  adrenals,  1.32  grams. 

Specimens  of  intestine  segment  tracings  from  experiment  5 
are  reproduced  in  figures  9  and  10.  In  figure  9,  it  is  shown  that 
serum  of  the  sixth  adrenal  specimen  (observation  21)  caused 
practically  the  same  inhibition  as  serum  of  the  seventh  specimen 
(observation  23),  although  the  seventh  was  collected  during 
asphyxia,  and  the  sixth  with  free  respiration.  Adrenahn  assays 
(samples  of  the  tracings  are  reproduced  in  fig.  10),  proved  that 
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the  sera  of  the  sixth  and  seventh  specimens  contained  much 
more  than  1:8,000,000  epinephrin  (observation  29),  and  as 
nearly  as  possible  1:5,000,000  (observation  27),  corresponding 
to  an  output  of  less  than  0.0001  mgm.  per  kilo  of  body  weight 
per  minute.  This  is  below  rather  than  above  the  average  output 
for  dogs  anesthetized  with  ether,  and  the  concentration  is  consid- 
erably below  the  average  for  the  sera,  as  estimated  in  this  way. 


Fig.  9.  Intestine  Tracings.    Blood  Serum  from  Dog  Rendered  Insensitive 
BY  Increased  Intracranial  Pressure  (Experiment  5) 

At  SO  Ringer  was  replaced  by  jugular  blood  serum,  and  this  at  21  by  serum  of 
the  sixth  adrenal  specimen  (without  asphyxia).  At  n  Ringer  was  replaced  by 
jugular  serum,  and  this  at  23  by  the  serum  of  the  seventh  adrenal  specimen 
(asphyxia).  All  the  sera  were  diluted  with  two  volumes  Ringer.  (Reduced  to 
two-thirds.) 


The  concentration  of  epinephrin  in  those  sera  is  much  below  the 
possible  maximum.  Therefore,  it  ought  to  have  been  easy  to 
detect  an  increase  due  to  asphyxia,  had  asphyxia  been  capable  of 
producing  a  great  and  abrupt  augmentation  in  the  output. 

Some  of  the  uterus  tracings  are  reproduced  in  figure  11.  The 
fifth  adrenal  serum,  collected  without  asphyxia,  caused  a  some- 
what greater  increase  of  tone  than  the  fourth,  collected  dming 
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asphyxia,  despite  the  fact  that  the  blood  flow  for  the  fifth  was 
rather  gi-eater  than  for  the  fourth  specimen;  and  that  the  con- 
centration in  the  fifth  specimen  might  therefore  have  been  ex- 
pected to  be  a  httle  less  than  in  the  fourth.  The  difference 
between  the  two  specimens  was  confirmed  by  observations  43 
and  45,  made  with  a  greater  degree  of  dilution.  With  a  smaller 
dilution,  the  increase  of  tone  was  the  same  for  the  two  speci- 


FiG.  10.  Intestine  Tbacings.    Sera  from  Same  Dog  Used  for  Figure  9 

At  26  Ringer  was  replaced  by  jugular  serum,  and  this  at  27  by  adrenalin 
(1 : 5,000,000)  in  jugular  serum.  At  28  Ringer  was  replaced  by  jugular  serum  and 
this  at  29  by  adrenalin  (1:8,000,000)  in  jugular  serum.  The  adrenalin  sera, 
after  being  made  up  to  the  concentrations  mentioned,  were  diluted  with  two 
volumes  Ringer  before  application  to  the  segment.    (Reduced  to  two-thirds.) 


mens  (observations  46  and  47),  this  being  approximately  the 
maximal  increase  of  which  the  segment  was  capable  in  response 
to  the  combined  serum  and  epinephrin  effects  of  these  sera. 
Observations  32  and  33  (on  another  uterus  segment)  gave 
practically  the  same  effect  for  the  sera  of  the  sixth  and  seventh 
adrenal  specimens,  when  the  persistence  of  the  increase  of  tone 
is  taken  into  account,  the  uterus  response  being  almost  maximal. 
In  a  greater  dilution,  however,  a  difference  was  brought  out 
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(observations  35  and  36)  in  favor  of  the  seventh  specimen,  col- 
lected during  asphyxia.  The  intestine  tracings  showed  that 
any  difference  which  existed  between  these  two  specimens  must 
have  been  shght.  It  must  be  remarked  here  that  in  comparing 
uterus  tracings  the  absolute  difference  in  height  has  not  the 


Fig.  11.  Uterus  Tracings.    Sera  of  Same  Dog  Used  fob  Figures  9  and  10 

At  31  Ringer  was  replaced  by  jugular  serum;  at  32  by  serum  of  sixth  adrenal 
specimen  (collected  without  asphyxia) ;  at  33  by  serum  of  seventh  adrenal  speci- 
men (asphyxia).  The  three  sera  were  diluted  with  four  volumes  Ringer.  At 
35  Ringer  was  replaced  by  serum  of  the  sixth  adrenal  blood  specimen;  at  36  by 
serum  of  the  seventh  specimen,  in  each  case  diluted  with  six  volumes  Ringer. 
At  4^  Ringer  was  replaced  by  serum  of  the  fifth  adrenal  specimen  (without  asphyx- 
ia); at  43  by  serum  of  the  fourth  adrenal  specimen  (asphyxia).  The  sera  were 
diluted  with  four  volumfes  Ringer.  At  44  Ringer  was  replaced  by  serum  of  the 
fourth  adrenal  specimen;  at  4^  by  serum  of  the  fifth  specimen,  in  each  case 
diluted  with  six  volumes  Ringer.  At  46  Ringer  was  replaced  by  serum  of  the 
fourth  adrenal  specimen;  at  47  by  serum  of  the  fifth  specimen,  each  diluted  with 
three  volumes  Ringer.  Observations  3/  to  36,  inclusive,  were  made  on  one  uterus 
segment;  observations  4^  and  43  on  another  segment  of  the  same  uterus;  observa- 
tions 44  to  47  on  a  segment  of  another  uterus.    (Reduced  to  one-half.) 

same  quantitative  value  as  the  difference  in  the  amount  of  in- 
hibition of  the  intestine  segments.  All  that  can  be  deduced 
from  observations  35  and  36  is  that  the  combined  serum  and 
epinephrin  effect  of  the  seventh  specimen  is  greater  than  that  of 
the  sixth.    No  estimate  can  be  formed  from  these  observations 
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as  to  the  amount  of  the  difference.  A  sensitive  uterus  segment 
practically  always  gives  a  somewhat  larger  effect  for  a  later 
than  for  an  earher  specimen  in  the  absence  of  asphyxia,  and  the 
asphyxial  periods  in  this  experiment  do  not  seem  to  have  sen- 
sibly modified  this  progression.  The  blood  flows  did  not  vary 
much  from  the  fifth  to  the  eighth  specimens. 

A  similar  experiment  to  experiment  4  was  performed  on  a  cat 
(experiment  6),  and  with  a  similar  negative  result  as  regards 
any  influence  of  asphyxia  upon  the  epinephrin  output. 

Experiment  6.    Condensed  protocol.    Cat  (female).    Weight,  2.035 
kgm.    Rendered  insensitive  by  increased  intracranial  pressure. 
10.35  a.m.    Under  ether,  trephined,  and  inserted  pressure  bag.  Got 

up  pressure  to  250  mm.,  and  discontinued  ether. 
10.45  a.m.    Inserted  tracheal  and  jugular  cannulae.    Obtained  jugular 

blood. 

11.05  a.m.  Short  cava  pocket  made,  the  renal,  coeliac  and  mesenteric 
arteries  and  abdominal  aorta  being  tied. 

11 . 10  a.m.  Started  artificial  respiration,  although  the  cat  was  breathing 
well  spontaneously. 

11.15  a.m.  Pressure  250  mm.  Eye  reflexes  just  gone.  Some  volun- 
tary respirations.  Pulse,  175.  Lowered  pressure  to 
170  mm. 

11.17  a.m.    Lowered  pressure  to  130  mm.    Gasping  respirations  and 

tongue  movements. 

11.18  a.m.    Pressure  raised  to  230  mm. 

11.20  a.m.    Started  collection  from  cava  pocket. 

11.21  a.m.  to  11.24  a.m.    Gasping  respirations.   "Pulse,  156.  Pressure 

raised  to  260  mm.  and  maintained  above  200  mm.  dur- 
ing collection  of  the  following  adrenal  blood  specimens. 


NUMBER 
OF  ADREEAL 
SPECIMEN 

BLOOD  COLLECTED 

TIME  OF 
COLLECTION 

BLOOD  FLOW  PER 
MINUTE 

REMARKS 

grams 

minutes 

seconds 

grams 

1 

2.5 

1 

2.5 

Without  asphyxia 

2 

4.5 

2 

2.2 

Without  asphyxia 

3 

3.6 

2 

45 

1.3 

Without  asphyxia 

4 

2.5 

3 

30 

0.7 

During  asphyxia 

5 

1.7 

4 

0.4 

Without  asphyxia 

6 

2.0 

6 

30 

0.3 

Without  asphyxia 
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Spontaneous  respii-ations  were  present  during  collection  of  the  second 
and  third  specimens.  No  eye  reflexes  were  present  during  collection 
of  the  adrenal  samples.  Blood  was  obtained  at  the  end  from  the  ab- 
dominal aorta.    Combined  weight  of  adrenals,  0.338  gram. 

Some  of  the  intestine  tracings  are  reproduced  in  figures  12 
and  13.    The  third  specimen  (observation  17),  collected  without 


Fig.  12.  Intestine  Tbacings.    Blood  from  Cat  Rendered  Insensitive  by 
Increased  Intracranial  Pressure 

At  16  Ringer  was  replaced  by  jugjilar  blood  and  this  at  17  by  the  third  adrenal 
specimen  (collected  without  asphyxia).  At  21  Ringer  was  replaced  by  jugular 
blood  and  this  at  22  by  the  fourth  adrenal  specimen  (asphyxia).  At  24  Ringer 
was  replaced  by  jugular  blood  and  this  at  25  by  the  fifth  adrenal  specimen  (with- 
out asphyxia).  Bloods  diluted  with  eight  volumes  Ringer.  (Reduced  to  one- 
half.) 

asphyxia,  certainly  produces  a  somewhat  smaller  effect  upon  the ' 
intestine  segment  (the  inhibition  is  sooner  recovered  from)  than 
the  fourth  specimen  (observation  22),  collected  during  asphyxia. 
But  this  is  clearly  associated  with  the  greater  flow  during  col- 
lection of  the  third  specimen,  and  the  fourth  adrenal  specimen 
is  no  richer  in  epinephrin  than  the  fifth  specimen  (observation 
25),  collected  without  asphyxia.    The  concentration  in  the 


68 


G.  N.  STEWART  AND  J.  M.  ROGOFF 


fourth  specimen  is  really  less  than  in  the  fifth.  With  a  greater 
degree  of  dilution  (fig.  13),  the  greater  effect  of  the  fifth  speci- 
men than  of  the  fourth  in  inhibiting  the  intestine  segment  be- 
came more  evident.  The  slightly  inferior  inhibitory  power  of 
the  third  specimen  as  compared  with  the  fourth  is  thus  seen  to 
have  no  demonstrable  relation  to  the  presence  or  absence  of 
asphyxia.    The  adrenaUn  assay  showed  that  the  fifth  specimen 


Fig.  13.  Intestine  Tracings.  Blood  from  Same  Cat  Used  for  Figure  12 
At  S2  Ringer  was  replaced  by  jugular  blood  and  this  at  33  by  the  third  adrenal 
specimen  (without  asphyxia).  At  34  Ringer  was  replaced  by  jugular  blood  and 
this  at  35  by  the  fourth  adrenal  specimen  (asphyxia) .  At  36  Ringer  was  replaced 
by  jugular  blood  and  this  at  37  by  the  fifth  adrenal  specimen  (without  asphyxia). 
Bloods  diluted  with  sixteen  volumes  Ringer.    (Reduced  to  two-thirds.) 

had  a  smaller  concentration  than  1:800,000,  and  a  greater 
concentration  than  1:1,100,000.  This  is  as  great  a  concen- 
traction  as  is  ever  found  in  the  blood  of  the  cat,  collected  and 
tested  in  this  way. 

The  uterus  tests  (samples  of  the  tracings  are  reproduced  m 
figure  14)  confirmed  the  results  of  the  assay  on  the  intestine 
segments.  Observations  48,  50  and  51  show  that  the  tone- 
increasing  power  of  the  fifth  adrenal  specimen  was  intermediate 
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between  that  of  indifferent  blood  containing  1: 1,600,000  adren- 
alin and  that  of  indifferent  blood  containing  1 :  800,000  adrenalin. 
The  third  specimen  (without  asphyxia)  produced  only  a  sUghtly 
smaller  increase  of  tone  than  the  fourth  specimen  (collected 
during  asphyxia).  The  second  specimen  produced  a  much 
smaller  effect  than  any  of  the  succeeding  samples,  corresponding 
to  its  greater  rate  of  flow. 


Fig.  14.  Uterus  Tracings.    Blood  from  Same  Cat  Used  for  Figures  12  and  13 

Ringer  was  replaced  at  4^  by  the  second  adrenal  specimen  (without  asphyxia) ; 
at  46  by  the  fourth  specimen  (asphyxia) ;  at  47  by  the  third  specimen  (without 
asphyxia);  at  48  by  the  fifth  specimen  (without  asphyxia).  Bloods  diluted  with 
sixteen  volumes  Ringer.  Ringer  was  replaced  at  50  by  adrenalin  in  jugular 
blood  (1 :  1,600,000) ;  at  61  by  adrenalin  in  jugular  blood  (1 :  800,000).  The  adrena- 
lin was  added  to  the  undiluted  bloods  to  the  concentrations  mentioned,  the 
mixtures  being  then  diluted  with  16  volumes  Ringer  before  application  to  the 
segment.    (Reduced  to  one-half.) 

The  output  of  epinephrin  per  minute,  assuming  that  the  fifth 
sample  had  a  concentration  of  1 :  1,000,000,  would  be  0.0004 
mgm.  (0.0002  mgm.  per  kilo  of  animal  per  minute),  which  is 
about  the  same  as  is  found  in  cats  under  the  experimental  con- 
ditions, but  anesthetized  with  urethane  without  increased  in- 
tracranial pressure  (6).  In  this  experiment,  accordingly,  neither 
the  absence  of  a  chemical  anesthetic  nor  the  increased  intra- 
cranial pressure  seems  to  have  diminished  the  output. 
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This  conclusion  is  supported  by  experiment  7,  a  control 
experiment  m  which  urethane  was  combined  with  increased 
intracranial  pressure. 

Experiment  7.  Condensed  Protocol.  Cat.  Weight  2.425  kgm. 
9.20  a.m.  5  grams  urethane. 
10.00  a.m.  Tracheal  and  jugular  cannulae  inserted  and  jugular  blood 
obtained.  Trephined  and  inserted  pressure  bag.  "Short" 
cava  pocket  made,  renal,  coeUac  and  mesenteric  arteries 
and  abdominal  aorta  being  tied.  The  following  samples 
of  adrenal  blood  were  now  obtained,  with  no  pressure 
in  the  intracranial  bag, 

1st  sample:  0.9  gram  in  20  seconds  (2.7  grams  per 
minute) . 

2nd  sample:  1.9  grams  in  1  minute,  30  seconds  (1.3 
grams  per  minute). 

Pressure  in  the  bag  was  now  got  up,  to  250  mm.  of  mer- 
cury, and  the  following  samples  of  adrenal  blood 
collected : 

3d  sample:  2.6  grams  in  2  minutes,  10  seconds  (1.3 

grams  per  minute). 
4th  sample:  4.3  grams  in  3  minutes,  20  seconds  (1.3 

grams  per  minute). 
5th  sample:  3.3  grams  in  3  minutes  (1.1  grams  per 

minute) . 

6th  sample:  4.0  grams  in  4  minutes  (1.0  gram  per 
minute) . 

Combined  weight  of  adrenals  0.390  gram. 

The  adrenalin  assay  showed  that  the  second  adrenal  blood 
specimen  contained  approximately  1 : 2,000,000  epinephrin, 
corresponding  to  an  output  per  minute  for  the  animal  of  0.00065 
mgm.,  or  0.00025  mgm.  per  kilogram  of  body  weight  per  minute, 
an  output  within  the  range  observed  in  cats  anaesthetised  \vith 
urethane,  without  increased  intracranial  pressure.^  A  com- 
parison of  the  epinephrin  concentration  in  specimens  of  the 
adrenal  blood  collected  without  and  with  increased  intracranial 
pressure  revealed  no  difference  in  the  rate  of  output.  Thus, 

'  See  table  2,  Journ.  Pharm.  and  Exp.  Therap.,  1917,  x,  4. 


LIBERATION  OF  EPINEPHRIN  FROM  THE  ADRENALS 


the  second  specimen  caused  an  inhibition  of  the  intestine  seg- 
ment only  slightly  less  than  that  caused  by  the  sixth  specimen, 
corresponding  to  the  somewhat  greater  blood  flow  when  the 
second  was  being  collected. 

Since  the  tests  instituted  on  adrenal  blood  directly  collected 
from  the  cava  pocket  had  failed  to  yield  unequivocal  evidence 
of  an  increase  in  the  rate  of  Hberation  of  epinephrin  associated 
with  asphyxia,  it  did  not  seem  probable  that  observations  on 
the  highly  diluted  adrenal  blood  obtained  from  the  inferior  cava 
central  to  the  orifices  of  the  adrenal  veins  (7)  would  reveal  a 
difference.  Nevertheless,  the  catheter  method  was  tried,  but 
again  with  a  negative  result.  In  one  experiment,  the  condensed 
protocol  of  which  is  published  elsewhere  (8),  a  comparison  of  cava 
blood  drawn  off  by  a  catheter  from  above  the  level  of  the  adrenals 
during  asphyxia  was  made  with  blood  similarly  obtained  during 
stimulation  of  the  sciatic  nerve,  and  with  blood  collected  through 
the  catheter  in  the  absence  both  of  asphyxia  and  sensory  stimula- 
tion. All  these  bloods  behaved  in  the  same  way  towards  rabbit 
intestine  and  uterus  segments.  There  was  also  no  distinct 
difference  between  the  action  of  any  of  them,  and  that  of 
indifferent  blood  collected  from  the  lower  part  of  the  inferior 
cava.  It  was  proved  that  the  reason  for  this  was  the  dilution 
of  the  adrenal  contribution  by  indifferent  cava  blood.  The 
degree  of  dilution  with  indifferent  blood  necessary  to  render 
undetectable  pure  adrenal  blood  collected  from  the  cava  pocket, 
and  containing  a  content  of  epinephrin  within  the  ordinary 
range  was  ascertained.  It  was  shown  to  fall  within  the  limits 
of  the  dilution  which  the  adrenal  blood  must  normally  undergo 
in  the  cava.  We  do  not  see  how  it  is  possible  to  make  quantita- 
tive comparisons  of  the  rate  of  output  of  epinephrin  under 
different  conditions  by  the  catheter  method. 

CONCLUSION 

An  attempt  was  made  to  determine  whether  asphyxia  pro- 
duces a  detectable  increase  in  the  rate  of  liberation  of  epinephrin 
from  the  adrenals,  as  determined  by  testing  adrenal  vein  blood 
on  rabbit  intestine  and  uterus  segments.    The  result  was  negative. 


« 
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(Received  for  publication,  May  10,  1917.) 

The  fact  that  the  spontaneous  liberation  of  epinephrin  is  depend- 
ent upon  the  integrity  of  certain  efferent  nerves  running  in  the  sym- 
pathetic system  has  led  to  attempts  to  influence  the  rate  of  Hberation 
reflexly.  We  have  previously^  pubHshed  experiments  in  which  the 
rates  of  hberation  of  epinephrin  during  and  without  stimulation  of 
brachial  nerves  (in  the  cat)  were  compared  by  means  of  the  dener- 
vated  eye  reactions  of  Meltzer  and  by  the  rise  of  blood  pressure  pro- 
duced when  adrenal  blood  collected  for  a  known  time  in  a  cava  pocket 
is  released.    The  results  were  negative. 

We  have  since  repeated  the  experiments  on  cats  and  dogs,  drawing 
off  blood  from  the  cava  pocket  and  testing  it  on  rabbit  intestine  and 
uterus  segments.  In  this  way  the  adrenal  blood  can,  of  course,  be 
appUed  to  the  test-objects  without  dilution  if  so  desired,  whereas, 
with  the  eye  and  blood  pressure  reactions,  it  is  necessarily  much  diluted. 
On  the  other  hand,  the  use  of  the  latter  reactions  has  some  great 
advantages.  The  blood  is  not  withdrawn  from  the  vessels,  and  ac- 
cordingly there  is  no  danger  of  loss  of  a  part  of  the  epinephrin  in  the 
necessary  manipulations  before  the  blood  is  appUed  to  the  segments. 
The  development  of  the  pressor  property  of  clotted  blood,  a  serious 
comphcation  for  some  of  the  methods  of  testing  extravascular  blood 
(frog  perfusion,  artery  rings) ,  is  avoided.  Possible  effects  upon  the  rate 
of  Hberation  of  the  loss  of  blood,  or  even  of  the  loss  of  the  epinephrin 
in  it  when  withdrawn  from  the  body  are  also  excluded.    Most  impor- 

1  Stewart,  G.  N.,  and  Rogoff,  J.  M.,  J.  Pharm.  and  Exp.  Therap.,  1916.  viii, 
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tant  of  all,  the  nse  of  blood  pressure,  especially  if  interpreted  by  the 
aid  of  the  eye  reactions,  affords  a  direct  quantitative  comparison  of 
the  amount  of  epinephrin  Hberated  in  successive  observations. 

Technique.— The  adrenal  blood  was  collected  through  a  boiled  and  oiled  can- 
nula m  the  inferior  cava.  The  cava  pocket  was  usually  much  shorter  than  that 
employed  for  the  eye  and  blood  pressure  reactions,  where  it  was  essential  to  have 
as  roomy  a  pocket  as  possible.  With  the  short  pocket  only  a  smaU  dead  space 
is  left  filled  with  blood  which  has  passed  through  the  adrenals  during  one  set  of 
experimental  conditions  at  the  moment  when  the  experimental  conditions  have 
been  changed.  To  reduce  still  further  any  overlapping  of  the  blood  samples  suc- 
cessively coUected  with  and  without  stimulation,  excitation  of  the  sensory  nen^e 
was  started  shghtly  before  completion  of  the  collection  of  the  preceding  "no 
stimulation"  sample,  and  vice  versa.  Once  begun,  the  flow  of  blood  from  the  can- 
nula was  interrupted,  sample  after  sample  bemg  collected.  The  time  of  collection 
and  the  weight  or  volume  of  blood  being  accurately  measured,  the  rate  of  blood 
flow  during  the  collection  of  each  sample  is  known.  This  is  indispensable,  of 
course,  for  estimating  the  rate  of  Hberation  of  epinephrin  by  reactions  which,  Hke 
the  segment  tests,  give  only  the  concentration.  Since,  as  we  have  found,^  the 
concentration  in  successive  samples  tends  to  increase  as  the  blood  flow  slackens, 
we  varied  the  order  of  stimulation  and  no  stimulation  observations,  interposing 
for  example,  a  stimulation  period  between  two  no  stimulations,  and  vice  versa. 
Richards  and  Wood,^  in  their  work  on  the  influence  of  stimulation  of  the  depressor 
upon  suprarenal  secretion,  have  recognized  the  necessity  of  measuring  the  rate  of 
flow  of  the  blood,  and  the  advisability  of  not  taking  the  samples  in  a  uniform 
order.  The  stock  adrenalin  used  for  the  epmephrin  assays  was  always  freshly 
assayed  by  the  colorimetric  method  of  FoUn,  Cannon,  and  Denis.* 

In  our  previous  observations  we  stimulated  the  brachial  nerves,  as  it  was  con- 
venient in  forming  the  cava  pocket  to  clamp  the  abdominal  aorta,  and  the  sciatic 
nerve  was  therefore  not  available.  Since  the  upper  thoracic  portion  of  the  spinal 
cord  can  sustain  a  substantial  liberation  of  epinephrin  after  section  of  the  cord  in 
the  cervical  region,^  the  sciatic  roight  perhaps  be  considered  more  likely  to  yield 
positive  effects  than  the  brachial.  Elliott's  conclusion®  that  after  section  of  the 
brain  stem  just  in  front  of  the  anterior  corpora  quadrigemina  exhaustion  of  the 
epinephrin  store  of  the  adrenal  by  stimulation  of  sensory  nerves  occurs,  while 
it  does  not  take  place  if  the  cord  has  been  cut  just  below  the  bulbar  vasomotor 
center,  does  not,  as  already  pointed  out,^  necessarily  indicate  that  the  center 
concerned  in  epinephrin  liberation,  on  which  Elliott  made  no  experiments,  is  as 

2  Stewart  and  Rogoff,  Proc.  Soc.  Exp.  Biol,  and  Med.,  1916-17,  xiv,  77. 

3  Richards,  A.  N.,  and  Wood,  W.  G.,  Am.  J.  Physiol.,  1915-16,  xxxix,  54. 

*  Folin,  O.,  Cannon,  W.  B.,  and  Denis,  W.,  /.  Biol.  Chem.,  1912-13,  xiii,  477. 
^  Stewart  and  Rogoff,  Proc.  Soc.  Exp.  Biol,  and  Med.,  1916-17,  xiv,  143. 
6  ElUott,  T.  R.,  J.  Physiol.,  1912,  xHv,  374. 
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high  as  this.  But  if  it  were,  brachial  stimulation  ought  to  hit  it,  as  well  as  sciatic 
stimulation.  To  be  sure,  however,  of  stimulating  afferent  nerves  favorably- 
situated  with  reference  to  one  or  the  other  of  the  centers  concerned,  if  there  is 
more  than  one,  we  used  both  sciatic  and  brachial  in  these  experiments. 

While  cats  proved  suitable  for  the  previous  observations  in  which  blood  was 
not  withdrawn,  it  was  judged  advisable  in  the  present  series  to  use  dogs  also,  in 
order  to  make  certain  of  a  good  and  uninterrupted  flow  of  blood,  which  would 
completely  wash  out  the  pocket  and  cannula,  and  thus  prevent  overlapping  of 
the  successive  samples. 

Experiment  1.  Condensed  Protocol. — Dog;  weight  10  kilos.  Ether  anesthesia. 
45  cc.  of  blood  withdrawn  from  jugular  vein.  Cava  pocket  tied  off.  Intestinal 
arteries  and  abdominal  aorta  not  tied.  Right  iliac  artery  ligated  and  carmula 
inserted  into  the  right  iliac  vein.  The  left  iliac  vein  was  not  tied,  and  was 
damped  just  before  the  collection  of  blood  was  begun,  in  order  to  spare  the  left 
sciatic  as  much  as  possible.  The  left  sciatic  and  brachial  nerves  were  prepared 
for  stimulation.  The  following  blood  specimens  were  collected  from  the  cannula 
in  the  iUac. 


No.  of 
adrenal  specimen. 

Blood  collected. 

Time  of 
collection. 

Blood  flow 
per  min. 

Stimulation. 

cc. 

cc. 

1 

13.0 

1 

min. 

,  40  sec. 

8.0 

None. 

2 

17.3 

2 

(< 

25 

tt 

7.2 

Brachial. 

3 

9.2 

1 

IC 

40 

ti 

5.8 

<( 

4 

7.4 

1 

(< 

47 

11 

4.4 

None. 

5 

10.2  ' 

3 

t( 

10 

(( 

3.2 

Sciatic. 

6 

7.5 

3 

ct 

10 

<< 

2.4 

<( 

7 

5.0 

3 

n 

24 

<( 

1.5 

None. 

While  the  pocket  was  still  clipped  off,  53  cc.  of  arterial  blood  were  obtained  from 
the  carotid  artery.    Combined  weight  of  adrenals  1.050  gm. 


It  will  be  seen  from  Figs.  1  to  3,  that  no  difference  could  be  made 
out  between  the  inhibitory  effects  produced  on  the  rabbit  intestine 
segments  by  the  various  adrenal  blood  samples,  which  could  be  con- 
nected with  the  presence  or  absence  of  nerve  stimulation.  Thus  in 
Fig.  1,  the  second  sample  collected  during  brachial  stimulation  (Ob- 
servation 5)  caused  practically  the  same  effect  as  the  first  sample, 
collected  without  stimulation,  and  the  blood  flows  were  about  the 
same  during  collection  of  the  two  samples.  The  third  sample,  with 
nerve  stimulation,  gave  a  greater  inhibition  (Observation  7)  than  the 
first,  without  stimulation;  but  stimulation  of  the  nerves  had  nothing 
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to  do  with  this,  since  the  nerves  were  also  stimulated  during  collec- 
tion of  the  second  sample  (Observation  5).  The  explanation  of  the 
greater  inhibition  produced  by  the  third  sample  is  that  the  blood  flow 
was  slower  during  its  collection,  and  the  rate  of  liberation  of  epi- 
nephrin  per  minute  remaining  the  same,  the  concentration  was  neces- 
sarily greater.  The  adrenaHn  assays  showed  that  the  concentration 
in  the  first  and  second  samples  was  somewhat  more  than  1 :  3,300,000, 
corresponding  to  an  output  of  epinephrin  per  minute  of  0.0025  mg. 
(0.00025  mg.  per  kilo  of  body  weight  per  minute),  and  that  the  third 
specimen  was  not  twice  as  strong  as  the  first  or  second.  This  is  a 
normal  output  for  a  dog  under  the  experimental  conditions,  as  esti- 
mated in  drawn  adrenal  blood  on  rabbit  intestine  segments.  . 

In  Fig.  2  it  is  shown  that  sciatic  stimulation  also  produced  no  dem- 
onstrable effect,  the  slight  preponderance  of  the  fifth  sample  (Obser- 
vation 15)  as  compared  with  the  fourth  (Observation  13)  being  plainly 
associated  with  the  somewhat  slower  flow  during  collection  of  the 
latter.  In  Fig.  3  the  sixth  and  seventh  adrenal  samples  were  com- 
pared with  greater  magnification;  but  the  result  was  the  same;  the 
blood  collected  during  stimulation  of  the  sciatic  caused  no  greater  effect 
than  that  collected  without  stimulation.  It  is  probable,  however, 
that  the  concentration  of  epinephrin  in  the  sixth  and  seventh  samples 
was  such  as  to  produce  the  maximum  inhibition  of  which  the  segment 
was  capable  at  the  time.  That  the  sixth  specimen  really  contained 
somewhat  less  epinephrin  than  the  seventh,  corresponding  to  the 
greater  blood  flow,  is  brought  out  by  the  uterus  tests  (Fig.  4,  Obser- 
vations 48  and  50).  The  same  progressive  increase  in  concentration  in 
the  successive  samples  shown  by  the  intestine  tracings  is'exhibited  on 
the  uterus  tracings,  only,  as  is  commonly  the  case,  even  more  sharply. 
The  difference  between  the  fourth  and  third  specimens  (Observations 
44  and  45)  would  unquestionably  have  been  brought  out  clearly  with 
a  greater  degree  of  dilution,  as  the  increase  of  uterus  tone  in  these 
observations  was  already  approaching,  if  it  had  not  indeed  reached 
the  maximum  for  the  segment. 

Experiment  2.  Condensed  Protocol— C&t;  weight  2.9  kilos.  Urethane  anes- 
thesia. Obtained  specimen  of  jugular  blood,  then  isolated  left  sciatic  nerve 
and  prepared  it  for  stimulation.  Cava  pocket  made,  tying  off  intestinal  and  renal 
vessels  and  right  iliac  artery.  Cannula  inserted  into  the  cava,  making  a  short 
pocket.    Adrenal  blood  was  then  collected  as  follows: 
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No.  of_ 
adrenal  specimen. 

Blood  collected. 

Time  of 
collection. 

Blood  flow 

 •  ■ — 

Stimulation. 


gm. 

gm. 

1 

1.5 

1 

min.,  25  sec. 

1 . 1 

jNone. 

2 

4.4 

4 

« 

1.1 

Sciatic. 

3 

1.4 

6 

« 

0.23 

None. 

4 

1.8 

9 

"    30  " 

0.19 

tt 

5 

2.3 

13 

« 

0.18 

Sciatic. 

6 

1.7 

8 

0.21 

None. 

7 

2.2 

10 

It 

0.22 

« 

During  stimulation  of  the  sciatic,  the  pupils  dilated  widely,  the  respiratory 
movements  were  increased,  and  there  were  reflex  movements  indicating  that  the 
stimulus  was  effective.  Stimulation. was  begun  5  to  1  minute  before  collection 
of  the  corresponding  specimen,  and  was  stopped  §  to  1  minute  before  the  collec- 
tion of  the  specimen  ceased,  to  allow  for  washing  out  of  the  dead  space.  The 
flow  was  notably  diminished  after  the  first  period  of  strong  stimulation;  that  is, 
after  the  collection  of  the  second  specimen.  After  the  last  adrenal  sample  was 
collected  indifferent  blood  was  obtained  from  the  abdominal  aorta.  Combined 
weight  of  the  adrenals  0.347  gm. 


Specimens  of  the  tracings  with  rabbit  segments  are  given  in  Figs. 
5  to  7.  They  show  the  same  general  result  as  in  Experiment  1;  that 
is,  a  progressive  increase  in  epinephrin  concentration  in  successive 
adrenal  samples,  unmodified  within  the  Hmits  of  sensitiveness  of  the 
method  by  stimulation  of  the  sciatic. 

Experiment  3.  Condensed  Protocol. — Cat;  weight  2.58  kilos.  Urethane  anes- 
thesia. Cava  pocket  prepared  with  cannula  in  left  renal  vein.  Renal  and 
intestinal  arteries  tied,  but  not  the  abdominal  aorta.  Sciatic  nerve  prepared  for 
stimulation.    Adrenal  blood  samples  were  collected  as  follows: 


No.  of 
adrenal  specimen. 

Blood  collected. 

Time  of 
collection. 

Blood  flow 
per  min. 

stimulation. 

1 
2 
3 
4 

cc. 

10.0 
9.0 
10.3 
10.0 

5  min. 

6  "    30  sec. 
5  " 

cc. 
2.0 

1.5-2.0* 
2.0 
-t 

None. 

Sciatic. 

None. 

During  asphyxia. 

Part  of  the  specimen  was  lost  by  accidentaUy  spilling  from  the  container. 
tThe  blood  clotted  in  the  cannula  at  the  end  of  the  collection,  and  was  grad- 
ually slowmg  so  that  the  flow  per  minute  could  not  be  property  calculated. 
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Indifferent  blood  was  obtained  from  the  abdominal  aorta.  Indifferent  blood 
from  the  carotid  of  another  cat  was  also  used  in  the  tests  after  testing  it  against 
the  blood  from  the  abdominal  aorta,  and  finding  it  to  have  the  same  tone-increas- 
mg  power.    Combined  weight  of  the  adrenals  0.328  gm. 

The  same  results  were  obtained  with  the  intestine  and  uterus  seg- 
ments as  in  the  preceding  experiments;  there  was  equahty  or  a  pro- 
gressive increase  of  epinephrin  in  the  successive  adrenal  blood  samples 
according  to  whether  the  blood  flow  remained  constant  or  slackened. 
The  output  of  epinephrin  per  minute  was  not  modified,  within  the 
Hmits  of  accuracy  of  the  assays,  by  stimulation  of  the  sciatic.  The  con- 
centration of  epinephrin  in  the  second  and  third  adrenal  specunens 
was  about  the  same  (1 :  3,500,000)  corresponding  to  a  Hberation  of 
0.0006  mg.  per  minute  (more  than  0.0002  mg.  per  kilo  of  body  weight 
per  minute),  a  normal  output  as  estimated  on  drawn  adrenal  blood 
by  rabbit  segments.  The  uterus  segments  could  detect  a  concen- 
tration of  1 :  24,000,000  adrenaHn  in  indifferent  blood  as  compared 
with  the  indifferent  blood  itself. 

Experiment  4.  Condensed  Protocol. — Dog;  weight  8.5  kilos.  Urethane  and 
ether  anesthesia.  Cava  pocket  prepared,  tying  off  the  renal  and  intestinal  ar- 
teries. The  abdominal  aorta  was  not  clamped  till  just  before  the  collection  of 
blood.  Cannula  in  right  iliac  vein.  Left  sciatic  prepared  for  stimulation.  About 
5  cc.  of  blood  were  first  collected  from  the  pocket  and  discarded  so  as  to  wash 
the  pocket  free  of  any  epinephrin  which  might  have  been  liberated  in  the  manip- 
ulations.   The  following  adrenal  samples  were  then  collected. 


No.  of 
adienal  specimen. 

Blood  collected. 

Time  of 
collection. 

Blood  flow 
per  min. 

Stimulation. 

cc. 

cc. 

1 

34.0 

2  min.,  30  sec. 

13.6 

Sciatic. 

2 

24.0 

3  " 

8.0 

None. 

3 

22.0 

3  " 

7.3 

« 

4 

25.0 

4  " 

6.2 

Sciatic. 

Serum  was  obtained  from  the  bloods  by  centrifugalization.  The  corpuscle 
sediment  was  about  one-third  of  the  total  volume. 

In  this  experiment  serum  was  used  for  the  segment  tests  instead 
of  blood,  so  as  to  increase  the  chance  of  detecting  any  difference  due 
to  stimulation,  since  serum  contains  a  greater  concentration  of  epi- 
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nephrin  than  the  blood  from  which  it  is  derived.^    The  result  was 
the  same  as  in  the  other  experiments.    Thus,  the  second  adrenal  speci- 
men, collected  without  stimulation  (Observation  15,  Fig.  8)  had  a 
somewhat  greater  inhibitory  effect  upon  the  intestine  segments  than 
the  first  specimen  collected  during  sciatic  stimulation  (Observation 
11),  corresponding  to  the  difference  in  blood  flow.    The  effect  of  the 
third  specimen  (Observation  6,  Fig.  9)  is  greater  than  that  of  the  sec- 
ond (Observation  4),  and  less  than  that  of  the  fourth  specimen  (Ob- 
servation 9),  without  apparent  relation  to  the  presence  or  absence  of 
nerve  stimulation.    The  adrenah'n  assay  showed  that  the  second  speci- 
men contained  about  1:3,500,000  epinephrin,  corresponding  to 
1 :  5,000,000  for  the  blood,  an  output  per  minute  of  0.0016  mg.  (0.0002 
mg.  per  kilo  of  body  weight  per  minute) ,  a  normal  output  for  a  dog, 
as  estimated  in  this  way.    As  this  is  a  moderate  concentration,  and  the 
first  specimen  contained  still  less,  the  failure  of  nerve  stimulation  to 
increase  the  concentration  could  not  have  been  due  to  the  initial  con- 
centration being  near  the  possible  maximum.    The  serum  of  the 
third  specimen  contained  1:3,000,000  epinephrin,  corresponding  to 
1 : 4,300,000  for  the  blood.    This  gives  the  same  output  as  for  the 
second  specimen  (0.0017  mg.  per  minute),  the  concentrations  being 
inversely  proportional  to  the  blood  flows.    The  uterus  tracings,  some 
of  which  are  reproduced  in  Fig.  10,  confirm  the  con-^lusion  that  the 
first  adrenal  specimen  (Observations  31  and  33)  contained  a  smaller 
concentration  of  epinephrin  than  the  second  (Observations  32  and  34), 
although  the  sciatic  had  been  stimulated  during  the  collection  of  the 
first.    Observation  30,  Fig.  10,  shows  a  much  smaller  effect  with 
indifferent  serum,  compared  with  any  of  the  adrenal  sera,  thus  con- 
firming the  conclusion  that  the  substance  inhibiting  the  intestine  was 
epinephrin. 

The  objection  might  be  made  that  under  the  influence  of  the  experi- 
mental conditions  (anesthesia,  trauma,  etc.),  the  rate  of  liberation 
of  epinephrin  might  be  already  so  great  that  it  could  not  be  aug- 
mented by  stimulation  of  afferent  nerves.  This  objection  has  already 
been  partly  met  by  the  fact  that  with  moderate  concentrations  of  epi- 
nephrin, as  shown  by  adrenaUn  assays,  nerve  stimulation  fails  to 

^  Stewart  and  Rogoff,  /.  Pharm.  and  Exp.  Therap.,  1916-17,  ix,  393. 


644 


RATE  OF  LIBERATION  OF  EPINEPHRIN 


increase  the  concentration.  There  is  no  evidence  that  anesthetics  in- 
crease the  Uberation  demonstrably.  In  cats,  some  days  after  sec- 
tion of  the  spinal  cord  in  the  cervical  region,  we  have  found^  that 
blood  collected  from  the  adrenal  veins  through  a  cannula  in  the  in- 
ferior cava  contains  concentrations  of  epinephrin  within  the  ordinary 
range,  despite  the  fact  that  on  account  of  the  complete  anesthesia 
below  the  level  of  the  cord  section  it  was  not  necessary  to  give  an 
anesthetic.  Elliott's  result,  that  anesthetics  cause  diminution  of 
the  epinephrin  store  of  the  adrenals,  is  no  proof,  even  if  we  admit  that 
the  diminution  is  really  due  in'  some  direct  way  to  the  anesthetic, 
that  the  output  of  epinephrin  is  increased  under  their  influence;  since 
a  diminution  in  the  rate  of  formation  of  epinephrin  would  equally  be 
accompanied  by  a  diminution  in  the  store. 

Nevertheless,  we  made  a  number  of  experiments  in  which  the  ani- 
mal was  rendered  insensitive  by  destruction  of  the  cerebral  cortex, 
or  by  increase  of  intracranial  pressure  without  the  use  of  anesthetics, 
except  for  a  few  minutes  while  the  brain  was  being  destroyed  or  the 
skull  trephined  for  the  insertion  of  the  pressure  bag. 

Experiment  5.  Condensed  Protocol. — Dog;  weight  7.6  kilos.  Animal  rendered 
insensible  by  destruction  of  the  cerebral  cortex  with  much  of  the  underlying 
centrum  ovale.  It  was  shown  at  autopsy  that  none  of  the  brain  tissue  behind . 
the  anterior  edge  of  the  anterior  corpora  quadrigemina  had  been  destroyed. 
Ether  was  given  only  during  destruction  of  the  brain.  Indifferent  blood  was 
obtained  from  the  jugular  vein.  Cava  pocket  made.  Right  ihac  artery,  and 
intestinal  and  renal  arteries  tied  off.  Left  sciatic  nerve  prepared  for  stimulation. 
Adrenal  blood  specimens  collected  as  follows: 


No.  of 
adrenal  specimen. 

Blood  collected. 

Time  of 
collection. 

Blood  flow 
per  min. 

Stimulation. 

gm. 

gm. 

1 

3.5 

1  min. 

3.5 

None. 

2 

7.0 

3  " 

2.3 

.3 

7.7 

4    "  30  sec. 

1.7 

Sciatic. 

A  fourth  adrenal  specimen  was  obtained  without  stimulation,  but  clotting 
in  the  cannula  prevented  accurate  measurement  of  the  time  (3  gm.  in  4  to  5  min- 
utes). Capacity  of  the  cava  pockel,  which  was  a  long  pocket,  0.9  to  1.0  gm.  of 
blood. 
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In  this  animal  no  evidence  was  forthcoming,  any  more  than  in  the 
others,  that  stimulation  of  the  sciatic  was  associated  with  a  detectable 
increase  in  the  rate  of  epinephrin  output.  A  few  of  the  tracings  are 
reproduced  in  Fig.  11.  The  second  adrenal  specimen,  collected  with- 
out stimulation  (Observation  23),  caused  about  the  same  amount  of 
inhibition  of  the  intestine  as  the  third  specimen,  collected  during 
sciatic  stimulation  (Observation  25).  If  anything,  the  effect  of  the 
second  was  somewhat  greater  than  that  of  the  third  specimen.  The 
flows  were  not  very  different  for  the  two  specimens.  The  fourth 
adrenal  specimen  (Observation  19),  collected  without  sciatic  stimula- 
tion, produced  a  decidedly  greater  effect  than  the  third,  corresponding 
to  the  much  slower  flow.  Here  is  an  instance  where  a  nerve  stimula- 
tion period  between  two  periods  without  stimulation  ought  to  have 
shown  some  change  of  concentration,  as  compared  either  with  the 
preceding  or  the  succeeding  period,  had  the  nerve  stimulation  been 
capable  of  evoking  such  a  change.  The  first  adrenal  specimen, 
without  nerve  stimulation  (Observation  21),  has  a  greater  inhibitory 
effect  than  either  the  second  or  third.  But  this  is  doubtless  due  to 
epinephrin  Uberated  during  manipulations  while  the  pocket  was  be- 
ing tied  off.  Although  it  is  often  possible  to  complete  the  operation 
without  any  evidence  of  manipulative  discharge,  yet,  in  order  to  be 
sure  of  avoiding  errors  due  to  this  cause,  the  first  specimen  was  al- 
ways considered  suspect,  if  it  gave  a  higher  concentration  than  the 
second,  and  in  that  case  rejected.  It  was,  in  fact,  coUected  separately 
for  the  purpose  of  insuring  that  the  succeeding  specimens  should  not 
contain  any  epinephrin  Hberated  by  massage,  etc.,  during  the  forma- 
tion of  the  pocket. 

Uterus  tracings  confirmed  the  conclusion  that  the  second  and  third 
adrenal  specimens  (Experiment  5)  had  about  the  same  concentration 
of  epinephrin,  and  that  the  fourth  had  a  greater  concentration  than 
either  the  second  or  third.  AdrenaHn  assays  showed  that  the  concen- 
tration in  the  third  specimen  was  about  1:  3,000,000,  corresponding 
to  an  output  of  0.0006  mg.  of  epinephrin  per  minute  (about  0.0001 
mg.  per  kilo  of  body  weight  per  minute).  This  is  rather  below  than 
above  the  average  output  in  anesthetized  dogs,  as  estimated  by  rab- 
bit segments. 
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Elliott  has  stated  that  brain  injuries  such  as  destruction  of  the 
cerebral  hemispheres  cause  discharge  of  the  epinephrin  store  of  the 
adrenals.  Although  for  the  reason  already  mentioned,  this  would 
not  of  itself  be  sufficient  proof  that  the  rate  of  Kberation  of  epinephrin 
is  sensibly  increased  by  the  brain  irritation,  an  experiment  was  made 
in  which  the  animal  was  rendered  insensitive  by  increasing  the  intra- 
cranial pressure,  without  any  brain  mutilation,  by  a  thin  rubber  bag 
introduced  through  a  trephine  hole. 

Experiment  6.  Condensed  Protocol. — Dog;  weight  9.4  kilos.  Under  ether 
anesthesia  the  skull  was  trephined,  and  a  rubber  bag  inserted.  The  bag  was 
connected  with  a  mercury  manometer.  The  pressure  in  it  was  increased  to  2^0 
mm.  of  mercury,  and  the  ether  discontinued.  Artificial  respiration  was  started, 
although  the  dog  was  still  breathing  well  spontaneously.  A  short  cava  pocket 
was  made.  The  abdominal  aorta  was  tied  off  below  the  renals,  and  the  renal 
vessels  were  tied.  Brachial  nerves  on  one  side  prepared  for  stimulation.  As  the 
blood  pressure  feU  the  intracranial  pressure  was  diminished.  Adrenal  blood  was 
collected  as  follows:  The  first  specimen  (5  to  6  gm.)  was  rejected  to  avoid  any 
epinephrin  liberated  during  manipulation. 


No.  of 
adrenal  specimen. 

Blood  collected. 

Time  of 
collection. 

Blood  flow 
per  min. 

Stimulation. 

gm. 

gm. 

2 

7.2 

45  sec. 

9.0 

None. 

3 

12.0 

1  min.,  35  " 

8.0 

Brachial. 

4 

12.5 

2    "    20  " 

5.4 

None. 

S 

9.2 

2    "    30  " 

3.7 

Brachial. 

Combined  weight  of  adrenals  1.20  gm. 

In  Fig.  12  are  reproduced  a  few  of  the  intestine  segment  tracings 
from  Experiment  6.  They  show  that  the  third  adrenal  specimen, 
collected  during  brachial  stimulation  (Observation  31),  while  causing 
a  somewhat  greater  inhibition  than  the  second  specimen,  collected 
without  stimulation  (Observation  29),  does  not  produce  as  great  an 
inhibitory  effect  as  the  fourth  specimen,  collected  without  stimula- 
tion. The  fifth  adrenal  specimen,  collected  during  brachial  stimula- 
tion (Observation  35),  causes  an  inhibition  not  conspicuously  different 
from  that  caused  by  the  fourth  specimen.  As  before,  the  progressive 
increase  in  epinephrin  concentration  associated  with  the  gradual  de- 
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cline  in  the  rate  of  blood  flow  has  not  been  sensibly  altered  by  the 
nerve  stimulation.  This  result  was  confirmed  by  the  uterus  tracings, 
some  of  which  are  reproduced  in  Fig.  13.  If  the  third  adrenal  speci- 
men (Observation  52)  were  compared  merely  with  the  second  (Ob- 
servation 51),  it  might  be  thought  that  the  greater  effect  on  the  uterus 
produced  by  the  third  specimen  indicated  an  increased  output  of 
epinephrin  due  to  stimulation  of  the  nerve.  This  conclusion  is  at 
once  seen  to  be  erroneous  when  we  compare  the  effect  of  the  fourth 
specimen  (Observation  54)  with  that  of  the  third,  for  the  fourth  is  as 
much  stronger  than  the  third  as  the  third  is  stronger  than  the  second, 
and  the  nerves  were  not  being  stimulated  during  collection  of  the 
fourth  specimen.  To  show  the  uniformity  of  the  tracings.  Observa- 
tion 52  on  the  third  specimen  was  interposed  between  two  observa- 
tions (51  and  53)  on  the  second.  In  Observations  56  to  59,  the  second 
to  fifth  specimens  were  compared  in  a  greater  dilution,  and  just  as  in 
the  case  of  the  intestine  tracings  no  such  preponderance  of  effect  was 
revealed  in  the  third  and  fifth  specimens  as  would  be  expected  if  the 
nerve  stimulation  during  their  collection  had  sensibly  increased  the 
output  of  epinephrin. 

Adrenalin  assays  were  made  on  the  intestine,  and  in  this  case  also 
on  the  uterus  segments.  The  intestine  segments  are  more  generally 
useful  than  the  uterus  for  assajdng  the  concentration  of  epinephrin, 
although  for  bringing  out  quahtative  differences  the  uterus  is  frequently 
much  more  sensitive  than  the  intestine.  But  with  favorable  uterus 
segments  good  quantitative  results  are  also  obtained.  The  uterus 
from  adult  or  nearly  adult  virgin  rabbits  is  the  best  in  our  experience 
for  all  such  work.  The  assays  indicated  that  the  second  adrenal 
specimen  contained  about  1 : 9,000,000  epinephrin  (Fig.  13,  Observa- 
tions 61,  64,  65,  and  66) ;  and  the  third  specimen  more  than  1 : 9,000,000 
but  much  less  than  1:  6,000,000  (Fig.  13,  Observation  68),  probably 
not  far  from  1 :  8,000,000.  .The  fourth  specimen  had  a  greater  concen- 
tration than  1 :  8,000,000,  though  distinctly  less  than  1 :  5,000,000,  and 
somewhat  less  than  1 :  6,000,000,  probably  about  1 :  6,500,000.  If  the 
blood  flows  in  the  protocol  are  compared  with  these  concentrations,  it 
wfll  be  seen  that  the  concentrations  are  approximately  in  the  inverse 
ratio  of  the  flows.  In  other  words,  during  the  collection  of  these  adre- 
nal samples,  the  output  of  epinephrin  per  minute  (0.001  mg.  or  more 
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than  0.0001  mg.  per  kilo  of  body  weight  per  minute)  remained  approxi- 
mately constant,  and  was  not  sensibly  modified  by  stimulation  of 
the  brachial  nerve. 

It  did  not  seem  probable  that  if  negative  results  were  jdelded  by 
unmixed  adrenal  vein  blood,  positive  results  would  be  obtainable 
with  cava  blood  collected  by  a  catheter  anterior  to  the  adrenal  veins.^ 
However,  as  the  necessary  operation  for  the  catheter  method  is  less 
severe  than  for  the  cava  pocket  method,  the  possibility  could  not 
be  overlooked  that  the  output  of  epinephrin  in  the  periods  without 
nerve  stimulation  might  be  less  when  extensive  trauma  was  avoided. 
If  this  were  so,  an  increase  in  the  hberation  produced  by  the  stimula- 
tion of  nerves  might  more  readily  make  itself  felt.  Of  course,  it  is 
impossible  by  this  method  to  take  account  of  any  changes  in  the  rate 
of  blood  flow  through  the  adrenals;  and  comparisons  of  the  concentra- 
tion of  epinephrin  in  the  blood  are  only  vaUd  for  the  estimation  of 
changes  in  the  rate  of  Hberation  if  alterations  in  the  rate  of  blood  flow 
are  known,  unless  the  assumption  can  be  made  that  the  blood  flow 
remains-  constant  during  the  whole  experimental  period.  Neverthe- 
less, the  conditions  which  in  the  abdominal  operation  lead  to  notable 
alterations  in  the  rate  of  blood  flow  were  not  so  hkely  to  be  present 
with  the  catheter  method,  except  in  so  far  as  the  catheter  itself 
might  interfere  with  the  flow  of  blood  in  the  cava,  and  therefore  we 
made  a  number  of  experiments  in  this  way.  Experiment  7  is  an 
example. 

Experiment  7.    Condensed,  Protocol. — Cat;  weight  2.875  kilos. 
10.00  a.m.    5  gm.  urethane  by  stomach  tube. 

11.00  a.m.  Exposed  left  femoral  vein  and  prepared  it  for  catheter;  prepared 
right  sciatic  nerve  for  stimulation. 

11.20  a.m.  Blood  I  obtained  through  catheter  inserted  to  a  level  just  anterior 
to  adrenal  veins.  At  autopsy,  the  eye  of  the  catheter  was  found  to  be  about  5 
to  6  mm.  anterior  to  the  orifice  of  the  right  adrenal  vein  when  inserted  to  the  dis- 
tance used  in  the  experiment. 

11.32  a.m.    Started  stimulation  of  sciatic. 

11.37  a.m.  Blood  II  collected  through  catheter  at  the  same  level,  sciatic 
stimulation  being  continued  throughout  the  collection. 

11.40  a.m.  Blood  III  obtained  from  lower  cava  through  catheter,  which  was 
withdrawn  9  cm. 


8  Cannon,  W.  B.,  and  Hoskins,  R.  G.,  Am.  J.  Physiol.,  1911-12,  'xxix,  274. 
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12.00  m.    Blood  IV  obtained  from  catheter  in  the  same  manner  as  Blood  I. 
12.05  p.m.    Blood  V  obtained  from  catheter  anterior  to  the  adrenal  veins, 
collected  during  asphyxia. 

12.09  p.m.   Blood  VI  obtained  from  catheter  lower  down  in  cava,  as  for 

blood  in. 

After  obtaining  each  of  the  bloods  I,  III,  and  IV,  the  catheter  was  withdrawn, 
cleaned,  and  oiled  again.  The  bloods  were  withdrawn  as  uniformly  as  possible 
by  the  aid  of  an  aspirator. 

The  result  was  negative.  No  difference  was  found  by  rabbit  intes- 
tine and  uterus  segment  tests  between  blood  withdrawn  without 
stimulation  of  the  sciatic,  and  blood  withdrawn  during  stimulation. 
None  of  the  samples  caused  any  inhibition  of  the  intestine  segments. 
We  do  not  doubt  that  under  favorable  conditions  (especially  sensitive 
segments,  slow  blood  flow  in  the  inferior  cava,  and  possibly  a  fortu- 
nate location  of  the  eye  of  the  catheter  with  reference  to  the  adrenal 
vein  orifices)  samples  of  blood  may  sometimes  be  drawn  from  the  in- 
ferior cava  containing  a  sufi&cient  concentration  of  epinephrin  to  yield 
distinct  reactions.  We  failed  to  obtain  such  reactions  because  the 
epinephrin  given  off  by  the  adrenals  in  the  usual  amount  was  too  highly 
diluted  by  the  cava  blood.  To  illustrate  the  effect  of  this  dilution 
we  made  some  experiments,  in  which  pure  adrenal  blood  from  the  cava 
pocket  and  catheter  blood  from  above  the  level  of  the  adrenals,  ob- 
tained from  the  same  animal,  were  compared.  In  some  observations 
catheter  blood  from  the  level  of  the  adrenals  collected  while  the  adrenal 
veins  were  clipped  was  compared  with  blood  from  the  same  level 
collected  through  the  catheter  with  the  adrenal  veins  open,  also  with 
a  negative  result.    Experiment  8  is  an  example  of  these  experiments. 

Experiment  8.  Condensed  Protocol. — Cat;  weight  2.68  kilos.  Urethane  3 
gm.  by  stomach  tube,  and  later  on,  2  gm.  more.  Both  adrenal  veins  isolated  and 
prepared  for  clipping.  Femoral  vein  prepared  for  catheter  insertion.  Blood  I, 
drawn  through  catheter  from  level  just  anterior  to  adrenal  veins;  blood  II,  from 
catheter  at  the  same  level,  but  with  adrenal  veins  clipped ;  blood  III,  obtained  in 
same  manner  as  blood  I;  blood  IV  (10  cc.  in  11  minutes)  obtained  from  cava 
pocket  through  cannula  in  right  renal  vein.  After  releasing  the  pocket  by  re-, 
moving  the  clamps,  blood  V  was  obtained  through  the  catheter  in  the  same 
way  as  blood  I.  Indifferent  (arterial)  blood  was  obtained  from  the  abdominal 
aorta.  The  catheter  was  withdrawn,  cleaned,  and  oiled  after  each  specimen  was 
collected. 
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In  Fig.  14  it  is  seen  that  catheter  blood  from  the  level  of  the  adrenals 
displacing  arterial  blood  (Observation  10)  produced  no  inhibition  of 
the  intestine  segment,  although  pure  adrenal  vein  blood  (Observation 
8)  caused  good  inhibition.  Adrenahn  assays  showed  that  the  concen- 
tration of  epinephrin  in  the  adrenal  blood  was  not  far  from  1 :  3,000,- 
000.  It  was  confirmed  on  uterus  segments  (Fig.  15,  Observations  33,35, 
and  45)  that  the  catheter  blood  caused  no  greater  effect  than  indiffer- 
ent blood,  and  much  less  than  adrenal  blood  (Observations  34  and  36). 
The  uterus  segment,  as  it  happened,  gave  practically  no  increase  of 
tone  with  indifferent  blood,  which  rendered  the  demonstration  of  the 
absence  of  detectable  epinephrin  in  the  catheter  blood  all  the  more 
convincing.  Catheter  blood  collected  with  cHpped  adrenal  veins 
\i  (Observation  37)  behaved  in  no  respect  differently  from  blood  simi- 

larly collected,  but  with  the  adrenal  veins  open  (Observation  39). 
The  segment  could  easily  detect  epinephrin  in  the  concentration  of 
1 :  65,000,000  (Observation  46).  From  the  relatively  considerable  in- 
crease of  tone  given  by  blood  with  this  concentration  of  adrenahn,  there 
is  no  doubt  that  a  much  smaller  concentration  could  have  been  de- 
tected. Accordingly,  the  adrenal  vein  blood  must  have  been  diluted 
in  the  inferior  cava  much  more  than  twenty  times. 

In  Fig.  16  (Observation  20)  catheter  blood  from  the  level  of  the 
adrenals,  collected  with  the  adrenal  veins  cHpped,  was  displaced  by 
catheter  blood  collected  with  the  veins  open.  No  change  in  the  in- 
testine segment  curve  was  produced ;  that  is,  the  adrenal  blood  was  so 
much  diluted  in  the  cava  that  a  sample  of  cava  blood  containing  the 
adrenal  contribution  could  not  be  discriminated  by  this  intestinal  seg- 
ment from  a  sample  of  cava  blood  which  could  not  have  been  mixed 
with  any  adrenal  blood.  Nor  could  it  be  discriminated  from  the  in- 
different (arterial)  blood,  since  its  replacement  by  this  (Observation 
21)  left  the  curve  unaffected.  A  prompt  and  marked  inhibition  was 
produced,  however,  when  the  arterial  blood  was  in  its  turn  displaced 
by  the  pure  adrenal  blood  (Observation  22). 

In  the  last  experiment  to  be  quoted  (Experiment  9),  blood  was  col- 
lected by  a  catheter  at  the  level  of  the  adrenals  during  stimulation  of 
the  sciatic  and  without  sciatic  stimulation.  Pure  adrenal  blood  was 
also  collected  from  the  same  dog,  during  and  without  stimulation  of 
the  sciatic. 
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Experiment  9.  Condensed  Protocol— Dog;  weight  14.9  kilos.  Ether  anesthesia. 
A  specimen  of  indifferent  blood  was  collected  from  the  jugular  vein.  Then  the 
left  femoral  vein  was  prepared  for  insertion  of  the  catheter,  and  the  right  sciatic 
nerve  prepared  for  stimulation.  The  catheter  was  now  inserted  to  a  level  just 
anterior  to  the  adrenal  veins.  At  autopsy  it  was  verified,  as  in  all  the  other  ex- 
periments of  this  type,  that  the  eye  of  the  catheter  was  anterior  to  the  orifices  of 
the  adrenal  veins.  Three  samples  of  blood  were  now  collected  through  the  cathe- 
ter, the  first  without  sciatic  stimulation  (13.0  cc.  in  1  minute  and  30  seconds), 
the  second  during  sciatic  stimulation  (13.8  cc.  in  1  minute  and  56  seconds),  and 
the  third  during  sciatic  stimulation  (12.6  cc.  in  1  minute  and  18  seconds).  The 
catheter  was  now  removed,  washed,  oUed  again,  and  reinserted  to  the  same  level 
after  an  interval  of  6  minutes;  and  a  fourth  specimen  collected  through  the  cathe- 
ter without  sciatic  stimulation  (23.5  cc.  in  3  minutes  and  12  seconds).  A  cava 
'  pocket  was  now  made,  the  renal  and  left  iliac  vessels  being  tied,  and  a  cannula 
inserted  in  the  left  iliac  vein.  The  abdominal  aorta  was  clamped  at  the  bifurca- 
tion just  before  beginning  the  collection  of  blood  from  the  pocket.  Adrenal  blood 
samples  were  obtained  from  the  pocket  as  follows: 


No.  of 
adrenal  specimen. 

Blood  collected. 

Time  of 
collection. 

Blood  flow 
per  min. 

Stimulation. 

cc. 

cc. 

1 

15.2 

1 

min. 

50  sec. 

8.4 

None. 

2 

16.1 

2 

(( 

5 

(( 

8.0 

Sciatic. 

3 

18.3 

2 

32 

It 

7.0 

tt 

4 

20.0 

2 

« 

30 

tt 

8.0 

None. 

5 

22.9 

3 

<< 

55 

It 

5.7 

(( 

6 

11.4 

3 

(< 

45 

it 

3.0 

Sciatic. 

7 

13.1 

4 

It 

5 

It 

3.2 

tt 

8 

7.1 

4 

<< 

1.8 

None. 

Combined  weight  of  adrenals,  1.15  gm. 

The  bloods  were  carefully  compared  on  intestine  and  uterus  seg- 
ments and  the  degree  of  dilution  of  the  adrenal  blood  with  indifferent 
blood,  which  just  caused  the  inhibitory  effect  on  the  intestine  seg- 
ments to  become  too  slight  to  be  detected  with  certainty,  was  deter- 
mined. In  Fig.  17  some  of  the  tracings  are  given.  At  8  the  fifth 
adrenal  blood  replaced  indifferent  blood,  causing  a  marked  inhibi- 
tion of  the  intestine  segment.  The  concentration  of  epinephrin  in 
this  adrenal  sample  was  assayed  at  about  1:  3,000,000,  corresponding 
to  an  output  of  0.002  mg.  of  epinephrin  per  minute  (0.00013  mg.  per 
kilo  of  body  weight  per  minute).    In  the  eighth  specimen  the  concen- 
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tration  was  assayed  at  1: 1,100,000,  about  three  times  as  great  as  in 
the  fifth  sample.  This  is  approximately  the  m verse  ratio  of  the  blood 
flows,  the  rate  of  output  of  epinephrin  being  practically  unchanged. 
At  24  blood  collected  with  a  catheter  at  the  level  of  the  adrenals 
during  sciatic  stimulation  replaced  indifferent  blood.  It  produced 
no  inhibition,  but  instead  a  further  increase  of  tone.  Observations 
26  and  28  represent  the  effect  of  the  fifth  adrenal  blood  specimen 
diluted  respectively  with  ten  and  with  twenty  volumes  of  indifferent 
blood.  Inhibition  of  the  segment  can  stiU  be  detected  in  each 
case.  Diluted  with  forty  volumes  of  indifferent  blood  (Observa- 
tion 30)  the  fifth  adrenal  specimen  produced  an  inhibition  so 
slight,  if  any,  that  it  could  not  have  been  detected  unless  perhaps  by 
comparison  with  the  preceding  and  succeeding  observations.  With 
this  dilution  the  concentration  of  epinephrin  in  the  blood  was  already 
only  1:  120,000,000,  and  this  blood  was  again  diluted  with  four  vol- 
umes of  Ringer's  solution  before  being  appHed  to  the  segment.  At 
32,  the  adrenal  blood,  diluted  with  eighty  volumes  of  indifferent 
blood,  replaced  the  indifferent  blood.  No  inhibition  could  be  clearly 
detected  any  more  than  with  the  catheter  blood  (Observation  24). 

We  fail  to  see  how  it  is  possible  to  make  exact  experiments  on  the 
rate  of  liberation  of  epinephrin  by  the  catheter  method. 

SUMMARY. 

An  attempt  was  made  to  determine  whether  stimulation  of  afferent 
nerves  (sciatic  and  brachial)  produced  a  detectable  increase  in  the 
rate  of  Hberation  of  epinephrin  from  the  adrenals,  as  determined  by 
testing  adrenal  vein  blood  on  rabbit  intestine  and  uterus  segments. 
The  result  was  negative. 

EXPLANATION  OF  PLATES. 
In  all  the  tracings  time  is  marked  in  half  minutes. 

Plate  48. 

Fig.  L  Intestine  tracings.  Blood  of  a  dog  anesthetized  with  ether.  At  2 
Ringer's  solution  was  replaced  by  jugular  blood,  and  this  at  3  by  the  first  adrenal 
blood  specimen,  collected  without  stimulation  of  nerves.  At  4  Ringer's  solution 
was  replaced  by  jugular  blood,  and  this  at  S  by  the  second  adrenal  blood  specimen, 
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collected  during  stimulation  of  the  brachial.  At  6  Ringer's  solution  was  replaced 
by  jugular  blood,  and  this  at  7  by  the  third  adrenal  blood  specimen,  coUected  dur- 
ing brachial  stimulation.    Reduced  one-third. 

Fig.  2.  Intestine  tracings.  Blood  of  the  same  dog  as  in  Fig.  1.  At  12  Ringer's 
solution  was  replaced  by  jugular  blood,  and  this  at  13  by  the  fourth  adrenal 
specimen,  collected  without  stimulation  of  nerves.  At  14  Ringer's  solution  was 
replaced  by  jugular  blood,  and  this  at  15  by  the  fifth  adrenal  blood  specimen, 
collected  during  sciatic  stimulation.  At  19  Ringer's  solution  was  replaced  by 
jugular  blood,  and  this  at  20  by  the  second  adrenal  specimen,  collected  during 
brachial  stimulation.  At  21  Ringer's  solution  was  replaced  by  jugular  blood, 
and  this  at  22  by  the  first  adrenal  specimen,  collected  without  stimulation  of 
nerves.   Reduced  one-third. 

Fig.  3.  Intestine  tracings.  Blood  of  the  same  dog  as  in  Figs.  1  and  2. 
Greater  magnification.  At  24  Ringer's  solution  was  replaced  by  jugular  blood 
and  this  at  25  by  the  sixth  adrenal  specimen,  collected  during  sciatic  stimulation. 
At  27  Ringer's  solution  was  replaced  by  jugular  blood,  and  this  at  28  by  the  sev- 
enth adrenal  specimen,  collected  without  stimulation  of  nerves.  Reduced 
one-third. 

Plate  49. 


Fig.  4.  Uterus  tracings.  Blood  of  the  same  dog  as  in  Figs.  1  to  3.  At  41 
Ringer's  solution  was  replaced  by  arterial  blood;  at  42,  by  the  first  adrenal  spec- 
imen, collected  without  nerve  stimulatioB;  at  43,  by  the  second  adrenal  specimen, 
collected  during  brachial  stimulation;  at 44,  by  the  third  adrenal  specimen,  collected 
during  brachial  stimulation;  at  45,  by  the  fourth  adrenal  specimen,  collected  with- 
out nerve  stimulation.  In  Observations  41  to  45  the  bloods  were  diluted  with  four 
volumes  of  Ringer's  solution.  At  47  Ringer's  solution  was  replaced  by  the  fifth 
adrenal  specimen,  coUected  during  sciatic  stimulation;  at  48,  by  the  sixth- adrenal 
specimen,  collected  during  sciatic  stimulation;  at  50,  by  the  seventh  adrenal 
specimen,  collected  without  nerve  stimulation.  In  Observations  47  to  50  the 
bloods  were  diluted  with  nine  volumes  of  Ringer's  solution.    Reduced  one-half. 

Fig.  5.  Intestine  tracings.  Blood  from  a  cat  anesthetized  with  urethane.  At 
4  Ringer's  solution  was  replaced  by  jugular  blood,  and  this  at  5  by  the  second 
adrenal  blood  specimen,  collected  during  sciatic  stimulation.  At  6  Ringer's 
solution  was  replaced  by  jugular  blood,  and  this  at  7  by  the  fourth  adrenal  speci- 
men, collected  without  sciatic  stimulation.  The  bloods  were  diluted  with  four 
volumes  of  Ringer's  solution.    Reduced  one-third. 

Fig.  6.  Intestine  tracings.  Blood  from  the  same  cat  used  for  Fig.  5.  At  12 
Ringer's  solution  was  replaced  by  jugular  blood,  and  this  at  13  by  the  seventh 
adrenal  specimen,  collected  without  stimulation  of  the  sciatic.  At  14  Ringer's 
solution  was  replaced  by  jugular  blood,  and  this  at  15  by  the  fifth  adrenal  speci- 
men, collected  during  sciatic  stimulation.  The  bloods  were  diluted  with  two 
volumes  of  Ringer's  solution.    Reduced  one-third. 


654 


RATE  OF  LIBERATION  OF  EPINEPHRIN 


Fig.  7.  Uterus  tracings.  Blood  of  the  same  cat  used  for  Figs.  5  and  6  At 
28  Ringer's  solution  was  replaced  by  jugular  blood;  at  29,  by  the  second  adrenal 
blood  specimen,  collected  during  sciatic  stimulation;  at  30,  by  the  fourth  adrenal 
specimen,  coUected  without  stimulation;  at  31,  by  the  fifth  adrenal  specimen 
collected  during  sciatic  stimulation ;  at  32,  by  the  seventh  adrenal  specimen,  col- 
lected without  stimulation.  All  the  bloods  were  diluted  with  four  volumes  of 
Ringer's  solution.    Reduced  one-half. 

Plate  50. 

Fig.  8.  Intestine  tracings.  Sera  of  a  dog  anesthetized  with  urethane  and 
ether.  At  10  Ringer's  solution  was  replaced  by  serum  of  arterial  blood,  and  this 
at  11  by  serum  of  the  first  adrenal  specimen,  collected  during  sciatic  stimulation. 
At  14  Ringer's  solution  was  replaced  by  serum  of  arterial  blood,  and  this  at  15 
by  senim  of  the  second  adrenal  specunen,  collected  without  sciatic  srimulation. 
Reduced  one-third. 

Fig.  9.  Intestine  tracings.  Sera  of  the  same  dog  as  in  Fig.  8.  At  3  Ringer's 
solution  was  replaced  by  serum  of  arterial  blood,  and  this  at  4  by  serum  of  the 
second  adrenal  specimen,  collected  without  nerve  stimidation.  At  5  Ringer's 
solution  was  replaced  by  serum  of  arterial  blood,  and  this  at  6  by  servun  of  the 
third  adrenal  specimen,  collected  without  nerve  srimulation.  At  8  Ringer's 
solution  was  replaced  by  serum  of  arterial  blood,  and  this  at  9  by  serum  of 
the  fourth  adrenal  specimen,  collected  during  sciatic  stimulation.  Reduced 
one-third. 

Fig.  10.  Uterus  tracing.  Sera  of  the  same  dog  used  for  Figs.  8  and  9.  At 
30  Ringer's  solution  was  replaced  by  serum  of  arterial  blood;  at  31,  by  serum 
of  the  first  adrenal  specimen,  collected  during  sciatic  stimulation;  at  32,  by  serum 
of  the  second  adrenal  specimen,  collected  without  sciatic  stimulation.  The  serum 
in  Observation  30  was  undiluted,  in  Observations  31  and  32  it  was  diluted  with 
an  equal  volume  of  Ringer's  solution.  At  33  Ringer's  solution  was  replaced 
by  serum  of  the  first  adrenal  specimen  diluted  with  three  volumes  of  Ringer's 
solution,  and  at  34  by  serum  of  the  second  adrenal  specimen  similarly  diluted. 
Reduced  one-half. 

Plate  51. 

Fig.  11.  Intestine  tracings.  Blood  of  a  dog  rendered  insensitive  by  destruc- 
tion of  the  cerebral  cortex.  At  18  Ringer's  solution  was  replaced  by  jugular  blood, 
and  this  at  19  by  the  fourth  adrenal  specimen,  collected  without  nerve  srimula- 
tion. At  20  Ringer's  solution  was  replaced  by  jugular  blood,  and  this  at  21  by 
the  first  adrenal  specimen,  collected  without  nerve  stimulation.  At  22  Ringer's 
solution  was  replaced  by  jugular  blood,  and  this  at  23  by  the  second  adrenal 
specimen,  collected  without  nerve  stimulation.  At  24  Ringer's  solurion  was  re- 
placed by  jugular  blood,  and  this  at  25  by  the  third  adrenal  specimen,  collected 
during  sciatic  stimulation.  All  the  bloods  were  diluted  with  four  volumes  of 
Ringer's  solution.    Reduced  one-half. 
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Fig.  12.  Intestine  tracings.  Bloods  from  a  dog  rendered  insensitive  by  in- 
creased intracranial  pressure.  At  28  Ringer's  solution  was  replaced  by  indiffer- 
ent (arterial)  blood,  and  this  at  29  by  the  second  adrenal  specimen,  collected  with- 
out brachial  stimulation.  At  30  Ringer's  solution  was  replaced  by  arterial  blood, 
and  this  at  31  by  the  third  adrenal  specimeii,  collected  with  brachial  stimulation. 
At  32  Ringer's  solution  was  replaced  by  indifferent  blood,  and  this  at  33  by  the 
fourth  adrenal  specimen,  without  brachial  stimulation.  At  34  Ringer's  solution 
was  replaced  by  arterial  blood,  and  this  at  35  by  the  fifth  adrenal  specimen, 
collected  with  brachial  stimulation.  All  the  bloods  were  diluted  with  two  volumes 
of  Ringer's  solution.    Reduced  one-third. 

Plate  52. 

Fig.  13.  Uterus  tracings.  Bloods  from  the  same  dog  used  in  Fig.  12.  At 
50  Ringer's  solution  was  replaced  by  indifferent  (arterial)  blood;  at  51,  by  the 
second  adrenal  specimen,  collected  without  brachial  stimulation;  at  52,  by  the 
third  adrenal  specimen,  collected^with  brachial  stimulation;  at  53,  by  the  second 
adrenal  specimen;  at  54,  by  the  fourth  adrenal  specimen,  collected  without 
brachial  stimulation.  All  these  bloods  were  diluted  with  two  volumes  of  Ringer's 
solution.  At  56  Ringer's  solution  was  replaced  by  the  fourth  adrenal  specimen; 
at  57,  by  the  third  adrenal  specimen;  at  58,  by  the  second  adrenal  specimen;  at 
59,  by  the  fifth  adrenal  specimen,  collected  with  brachial  stimulation.  These 
bloods  were  diluted  with  four  volumes  of  Ringer's  solution.  At  61  Ringer's  solu- 
tion was  replaced  by  indifferent  (arterial)  blood  made  up  with  adrenalin  to  a 
concentration  of  1:  8,000,000;  at  66,  by  indifferent  blood  made  up  with  adrenalin 
to  a  concentration  of  1:  9,000,000;  at  68,  by  the  indifferent  blood  with  adrenalin 
to  a  concentration  of  1 : 6,000,000.  All  the  adrenaUp  bloods  were  diluted  with 
four  volumes  of  Ringer's  solution  before  application  to  the  segment.  At  64 
Ringer's  solution  was  replaced  by  the  second  adrenal  specimen,  at  65  by  the  third 
adrenal  specimen,  each  diluted  with  four  volumes  of  Ringer's  solution.  Reduced 
one-half. 

Fig.  14.  Intestine  tracings.  Blood  from  a  cat  anesthetized  with  urethane. 
At  7  Ringer's  solution  was  replaced  by  indifferent  (arterial)  blood,  and  this  at  8 
by  adrenal  blood.  At  9  Ringer's  solution  was  replaced  by  arterial  blood,  and  this 
at  10  by  catheter  blood  collected  at  the  level  of  the  adrenals.    Reduced  one-half. 

Fig.  15.  Uterus  tracings.  Blood  from  the  same  cat  used  for  Fig  14.  At 
33  Ringer's  solution  was  replaced  by  catheter  blood  from  the  adrenal  level,  and 
this  at  34  by  adrenal  blood;  at  35  Ringer's  solution  was  replaced  by  catheter 
blood,  and  this  at  36  by  adrenal  blood.  At  37  Ringer's  solution  was  replaced 
by  catheter  blood  collected  during  the  clipping  of  both  adrenals,  and  this  at  38 
by  adrenalin  (1:  1,000,000)  in  the  same  blood.  At  39  Ringer's  solution  was  re- 
placed by  catheter  blood  from  the  level  of  the  adrenals,  and  this  at  40  by  adrenalin 
(1:3,300,000)  in  the  same  blood.    At  42  Ringer's  solution  was  replaced  by 
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adrenalin  (1: 16,500,000)  in  catheter  blood;  at  43,  by  the  same  catheter  blood 
without  the  addition  of  adrenalin;  at  45,  by  another  catheter  specimen  collected 
at  the  adrenal  level;  at  46,  by  adrenalin  (1 :  65,000,000)  in  the  catheter  blood  used 
for  Observation  45. 

Plate  53. 

Fig.  16.  Intestine  tracings.  Blood  from  the  same  cat  used  for  Figs.  14  and 
15.  At  19  Ringer's  solution  was  replaced  by  catheter  blood  collected  with  the 
adrenal  veins  clipped,  and  this  at  20  by  catheter  blood  collected  at  the  adrenal 
level  with  the  adrenal  veins  open.  At  21  this  catheter  blood  was  replaced  by 
arterial  blood,  and  this  at  22  by  adrenal  blood.    Reduced  one-third. 

Fig.  17.  Intestine  tracings.  Bloods  from  a  dog  anesthetized  with  ether. 
At  7  Ringer's  solution  was  replaced  by  indifferent  blood,  and  this  at  8  by  the 
fifth  adrenal  specimen.  At  23  Ringer's  solution  was  replaced  by  indifferent 
blood,  and  this  at  24  by  catheter  blood,  collected  at  the  level  of  the  adrenals  dur- 
ing sciatic  stimulation.  At  25  Ringer's  solution  was  replaced  by  indifferent  blood, 
and  this  at  26  by  the  fifth  adrenal  specimen,  diluted  with  ten  volumes  of  indif- 
ferent blood.  At  27,  29,  and  31  Ringer's  solution  was  replaced  by  indifferent 
blood,  and  this  at  28,  30,  and  32  by  the  fifth  adrenal  specimen,  diluted  respec- 
tively with  twenty,  forty,  and  eighty  voliunes  of  indifferent  blood.  All  the  bloods 
were  diluted  with  four  volimies  of  Ringer's  solution  before  application  to  the 
segment.    Reduced  one-third. 
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Fig.  3. 

(Stewart  and  Rogoff:  Rate  of  liberation  of  epinephrin.) 
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(Stewart  and  RogofI:  Rate  of  liberation  of  epinephrin.) 
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Fig.  10. 

(Stewart  and  Rogoff:  Rate  of  liberation  of  efiinephri 
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Fig.  12. 


(Stewart  and  Rogoll:  Rate  of  liberation  of  epinephrin.) 
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Fig.  15. 

(Stewart  and  Rogoff:  Rate  of  liberation  of  epinephrin.) 


(Stewart  and  Rogoff:  Rate  of  liberation  of  epinephrin.) 
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In  several  of  our  papers  we  have  given  illustrations  of  the  fact  that 
the  rate  of  liberation  of  epinephrin  (in  the  cat)  may  remain  approxi- 
mately constant  for  a  wide  range  in  the  rate  of  blood  flow  through  the 
adrenals,  the  concentration  in  the  adrenal  vein  blood  varying  inversely 
as  the  flow  (1).  Numerous  assays,  incidentally  accumulated,  have 
indicated  not  only  that  this  is  true  in  one  and  the  same  animal  under 
experimental  conditions,  but  also  that  the  output  in  different  cats 
varies  less  than  might  have  been  expected  (2).  It  has  seemed  worth 
while,  however,  to  supplement  these  observations  by  some  experi- 
ments specially  directed  to  the  question  whether  with  such  quantita- 
tive methods  as  have  been  employed  an  exact  inverse  ratio  between 
epinephrin  concentration  and  adrenal  blood  flow  can  be  made  out.  It 
will  be  more  instructive  to  reproduce  a  sufficient  number  of  the  trac- 
ings from  a  typical  assay  to  illustrate  fully  the  degree  of  sharpness 
which  can  be  obtained  in  such  observations  rather  than  to  give  one  or 
two  specimens  from  each  of  the  experiments.  We  lay  stress  on  mak- 
ing multiple  observations  on  any  specimen  of  blood  which  is  being 
assayed  for  epinephrin  by  the  rabbit  intestine  and  uterus  segment 
method.  With  a  single  segment  a  very  large  number  of  observations 
can  be  carried  out  without  loss  of  accuracy  in  the  comparisons  if  two 
simple  precautions  be  adopted:  First,  always  comparing  tracings 
which  are  not  too  far  apart  in  the  series;  and  second,  repeating  ob- 
servations freely.  It  is  scarcely  necessary  to  observe  that  although 
some  of  the  experimental  conditions  may  be  changed  at  will  in  the 
course  of  a  series  of  observations,  for  example,  the  weight,  comparison 
must  not  be  made  of  tracings  taken  before  with  tracings  taken  after 
the  change.  A  suitable  intestine  segment,  far  from  deteriorating  from 
long  use,  is  often  seen  to  improve  after  a  time  as  regards  constancy 
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of  response.  This  does  not  mean  that  it  also  improves  in  regard  to 
sensitiveness  although  segments  long  worked  with  may  still  be  very 
sensitive  to  small  concentrations  of  epinephrin.  An  exceedingly  sensi- 
tive segment,  however,  although  indispensable  when  the  business  is  to 
detect  minimal  quantities  of  epinephrin,  for  example,  in  determining 
whether  any  liberation  is  taking  place  after  section  of  the  nerves  of  the 
adrenal  (2)  is  not  necessarily  advantageous  in  assaying  such  concen- 
trations as  normally  exist  in  blood  coming  from  the  adrenal  veins. 
Here,  constancy  of  response  is  far  more  important  than  sensitive-, 
ness.  It  scarcely  needs  to  be  pointed  out  that  a  segment  may  dis- 
tinguish clearly  between  blood  containing  no  epinephrin  and  blood 
containing  1 : 100,000,000,  and  yet  may  not  give  a  clear  difference 
between  two  bloods  containing  respectively  1 :  3,000,000  and  1 :  3,500,000 
even  when  the  bloods  are  applied  in  all  degrees  of  dilution.  All  the 
tracings  given  in  figures  1  to  13,  as  well  as  others  not  reproduced,  were 
obtained  from  one  intestine  segment,  on  which  ten  specimens  of  blood 
were  assayed. 

Experiment  1.  Condensed  protocol.  Cat  (pregnant).  Weight,  3.03  kgm. 
Urethane,  5  grams  by  stomach  tube.  Inserted  tracheal  and  jugular  cannulae 
and  obtained  a  specimen  of  jugular  blood.  Made  a  "short"i  cava  pocket,  tying 
the  renal,  coeliac  and  mesenteric  arteries  and  the  abdominal  aorta.  Then  col- 
lected the  following  specimens  of  adrenal  blood. 


NUMBER  OF  ADRENAL 
SPECIMEN 

BLOOD  COLLECTED 

TIME  OF  COLLECTION  • 

BLOOD  FLOW  PER 
MINUTE 

grams 

minutes 

grami 

1 

4.7 

2 

2.3 

2 

7.8 

4 

2.0 

3 

10.1 

6 

1.7 

4 

9.8 

8 

1.2 

5 

3.5 

9 

0.4 

Now  collected  more  blood  from  the  jugular.  Combined  weight  of  the  two 
adrenals  0.360  grams.  The  bloods  were  immediately  put  on  ice  and  after  two 
hours  tested  on  rabbit  intestine  and  uterus  segments,  an  assay  of  the  epinephrin 
being  made  on  the  former. 


1  Where  blood  is  collected  from  the  cava  pocket  through  a  cannula  it  is  ad- 
vantageous to  make  the  pocket  much  shorter  (by  inserting  the  cannula  higher  up 
in  the  vein)  than  in  cases  where  the  pocket  is  used  as  a  receptacle  to  accumulate 
adrenal  vein  blood  which  is  then  released  into  the  circulation.  In  the  latter 
case  it  is  essential  to  have  a  capacious  pocket,  whereas  in  the  former  it  is  more 
important  to  reduce  the  dead  space,  so  that  overlapping  of  successive  samples 
as  well  as  the  risk  of  clotting  may  be  minimized. 
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Tracings  illustrating  the  assay  of  the  various  adrenal  blood  samples 
on  a  rabbit  intestine  segment  are  reproduced  in  figures  1  to  7.  Figure  1 
shows  that  the  fourth  specimen  (observation  32)  has  a  distinctly  greater 
effect  on  the  segment  than  the  second  (observation  30) ;  and  that  the 
concentration  of  epinephrin  in  the  fourth  specimen  is  somewhat  greater 
than  1:2,700,000  (observation  36).  The  adrenalin  (Parke,  Davis 
and  Company)  was  assayed  by  the  colorimetric  method  of  Folin,  Can- 
non and  Denis.    It  was  shown  by  the  uterus  tests  (not  reproduced) 


Fig.  1.  At  29  and  31  Ringer's  solution  was  replaced  by  indifferent  (jugular) 
blood,  and  this  at  30  and  32  by  the  second  and  fourth  adrenal  blood  specimens, 
respectively.  All  the  bloods  were  diluted  with  an  equal  volume  of  Ringer's 
solution.  At  36  Ringer  was  replaced  by  jugular  blood,  and  this  at  36  by  jugular 
blood  to  which  adrenalin  had  been  added  to  make  up  a  concentration  of  1:  2,700,- 
000,  the  adrenalin  blood  being  then  diluted  with  its  own  volume  of  Ringer's 
solution  before  application  to  the  segments.'' 


'  Figures  1  to  13  are  tracings  from  a  rabbit  intestine  segment.  All  have  been 
reduced  to  two-thirds.  The  tracings  in  figures  1,  2,  8  and  9  were  taken  with  a 
lighter  weight  than  those  in  the  other  figures.  Figures  1  to  7  are  from  bloods  of 
one  cat  (experiment  1);  figures  8  to  13  from  bloods  of  another  cat  (experiment  2). 
Figure  14  shows  tracings  from  a  rabbit  uterus  segment,  reduced  to  one-half,  with 
blood  from  a  dog  (experiment  3).  Figures  15  to  17  are  rabbit  intestine  tracings 
with  bloods  from  a  dog  (experiment  5),  reduced  to  two-thirds.  In  all  the  tracings 
time  was  marked  in  half-minutes. 


Fig.  2.  At  37  and  39  Ringer's  solution  was  replaced  by  jugular  blood  diluted 
,  with  an  equal  volume  of  Ringer's  solution.  At  38  and  40  this  was  replaced  by- 
jugular  blood  made  up  with  adrenalin  to  a  concentration  of  1 :  2,000,000  and  1 :  3,- 
400,000,  respectively,  the  adrenalin  blood  being  diluted  with  an  equal  volume  of 
Ringer's  solution  before  application  to  the  segment.  At  41  Ringer's  solution  was 
replaced  by  jugular  blood,  and  this  at  4^  by  the  second  adrenal  blood  specimen, 
both  bloods  being  diluted  with  an  equal  volimie  of  Ringer. 


Fig.  3.  At  43,  45  and  47  Ringer's  solution  was  replaced  by  jugular  blood,  and 
this  at  44,  46  and  48  by  the.first,  third  and  fourth  adrenal  specimens,  respectively. 
All  the  bloods  were  diluted  with  an  equal  volume  of  Ringer's  solution  before 
application  to  the  segment. 
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that  the  inhibitory  effect  of  the  blood  on  the  intestme  was  due  to  a 
substance  which  caused  an  increase  of  tone  of  the  virgin  rabbit  uterus, 
that  is,  to  epineplu-in.  _ 

In  figure  2  it  is  indicated  that  the  second  adrenal  specimen  (observar 
tion  42)  has  a  somewhat  greater  concentration  of  epinephrin  than 
1:3,400,000  (observation  40);  but  decidedly,  less  than  1:2,000,000 
(observation  38),  which,  however,  is  not  much  different  from  the 
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Fig.  4.  At  49  and  61  Ringer's  solution  was  replaced  by  jugular  blood,  and  this 
at  60  and  62  by  the  second  and  the  fifth  adrenal  blood  specimens,  respectively. 
All  the  bloods  were  diluted  with  an  equal  volume  of  Ringer.  At  61  Ringer's 
solution  was  replaced  by  jugular  blood  diluted  with  its  own  volume  of  Ringer, 
and  this  at  62  by  jugular  blood  made  up  with  adrenalin  to  a  concentration  of 
1:  1,350,000,  the  mixture  being  then  diluted  with  an  equal  volume  of  Ringer's 
solution  before  application  to  the  segment. 

concentration  in  the  fourth  specimen  (observation  32,  fig.  1).  Figure 
3  clearly  indicates  the  progressive  increase  in  epinephrin  concentration 
in  the  first  (observation  44),  third  (observation  46)  and  fourth  speci- 
mens (observation  48).  Comparison  of  figure  4  with  figure  3  shows 
that  the  second  specimen  (observation  50)  does  not  differ  much  from 
the  first  (observation  44).  It  must  be  remembered  that  the  first 
specimen  will  contain  the  epinephrin,  if  any,  Uberated  by  the  manip- 
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ulation  incidental  to  clipping  ofif  the  upper  end  of  the  cava  pocket 
before  beginning  the  collection  of  blood.  On  the  other  hand,  a  Me 
indifferent  cava  blood  may  be  included  m  the  pocket  when  it  is  clipped 
off,  and  this  would  dilute  the  first  specimen.  The  result  of  the  tests 
on  the  first  adrenal  specimen  shows  that  in  this  experiment  little 
epmephrin  was  liberated  by  majiipulation.  The  fifth  specimen  (ob- 
servation 52  fig.  4)  has  a  much  greater  concentration  of  epinephrin 
than  any  of  the  others,  and  distinctly  greater  than  1: 1,350,000  (obser- 
vation 62).  No  estimate  can  be  formed  of  the  magnitude  of  the  differ- 
ence between  the  concentration  in  the  fifth  specimen  and  1:  1,350  000 


mi  m 


Fig.  5.  At  55  and  59  Ringer's  solution  was  replaced  by  jugular  blood  diluted 
■with  an  equal  volume  of  Ringer,  and  this  at  56  and  60  by  jugular  blood  made  up 
:with  adrenalin  to  a  concentration  of  1:  2,000,000  and  1:  2,700,000,  respectively; 
the  adrenalin  bloods  being  then  diluted  with  an  equal  volume  of  Ringer  before 
application  to  the  segment. 

from  these  two  observations,  because  the  inhibitory  effect  on  the 
intestine  segment  approaches  the  maximum  effect  too  nearly.  To 
Sharpen  the  assay  greater  dilutions  of  the  blood  specimen  were  used 
later  on  in  the  experiment. 

Figure  5  indicates  that  adrenalin  in  indifferent  blood  in  a  concen- 
tration of  1 : 2,000,000  (observation  56) ,  gives  practically  the  same 
inhibition  as  the  fourth  adrenal  blood  specimen  similarly  diluted 
(observation  48,  fig.  3).    Observation  60  (fig.  5)  shows  that  a  con- 
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Fig.  6.  At  63  Ringer's  solution  was  replaced  by  jugular  blood  diluted  with  its 
own  volume  of  Ringer  and  this  at  54  by  jugular  blood  made  up  with  adrenalin  to 
a  concentration  of  1:  3,400,000,  the  adrenalin  blood  being  then  diluted  with  its 
own  volume  of  Ringer.  At  63  Ringer's  solution  was  replaced  by  jugular  blood 
and  this  at  64  by  the  first  adrenal  blood  sample,  both  bloods  being  diluted  with 
an  equal_.volume  of  Ringer. 


Fig.  7.  At  65  and  67  Ringer's  solution  was  replaced  by  jugular  blood  diluted 
with  its  own  volume  of  Ringer.  At  68  this  was  replaced  by  the  fourth  adrenal 
specimen  similarly  diluted.  At  66  the  diluted  jugular  blood  was  replaced  by  a 
mixture  containing  one  part  of  the  fifth  adrenal  blood,  one  part  of  jugular  blood 
and  two  parts  of  Ringer's  solution.  The  ultimate  dilution  of  the  epinephrin 
in  the  fifth  specimen  was  thus  twice  as  great  as  in  the  fourth  specimen  at  observa- 
tion 68. 
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centration  of  1 :  2,700,000  is  quite  distinctly  less  than  that  of  the  fourth 
specimen  (observation  48,  fig.  3),  but  probably  somewhat  greater  than 
that  of  the  third  specimen  (observation  46,  fig.  3).  In  figure  6  it  is 
seen  that  the  first  adrenal  blood  sample  (observation  64)  has  a  con- 
centration of  epinephrin  httle  different  from  1 :  3,400, 000  (observation 
54),  but  probably  slightly  greater.  In  figure  7  the  fourth  specimen  was 
compared  with  the  fifth  in  greater  dilution  than  in  figures  3  and  4. 
Observation  68  shows  the  effect  of  the  fifth  specimen  when  the  epi- 
nephrin in  it  was  diluted  twice  as  much  as  the  epinephrin  in  the  fourth 
specimen  (observation  66).  The  dilution  was  made  in  such  a  way 
(see  legend  of  figure)  that  the  concentration  of  blood  was  the  same  in 
the  two  observations.  It  is  obvious  that  the  curve  in  observation  68 
falls  more  sharply  after  the  first  abrupt  drop  than  that  in  observation 
66,  so  that  in  three  minutes  it  has  more  nearly  approached  the  base 
line.  There  is  no  doubt,  then,  that  the  fifth  specimen  contains  more 
than  twice  as  much  epinephrin  as  the  fourth.  "  It  should  have  three 
times  as  great  a  concentration  if  the  rate  of  liberation  was  constant 
during  this  period  of  the  experiment,  since  the  rate  of  blood  flow  during 
collection  of  the  fifth  sample  was  only  one-third  of  that  during  collec- 
tion of  the  fourth.  It  is  necessary,  however,  to  point  out  that  as 
concentrations  much  greater  than  1:1,000,000  are  not  found  in  the 
adrenal  vein  blood  of  cats,  at  least  as  collected  under  our  experimental 
conditions  and  assayed  on  rabbit  segments,  the  strict  inverse  ratio  of 
concentration  and  blood  flow  is  bound  to  fail  for  samples  collected  in 
the  neighborhood  of  the  maximum  possible  concentration.  If  we  com- 
pare the  second  and  fourth  specimens,  leaving  out  the  first  for  the 
reason  mentioned,  although  it  certainly  does  not  differ  much  from  the 
second,  we  obtain  between  the  concentrations  (1:2,000,000  for  the 
fourth,  ±  1:3,400,000  for  the  second)  a  ratio  of  1:  1.7.  The  ratio 
between  the  blood  flows  is  also  1 : 1.7.  Taking  the  concentration  of  the 
third  specimen  as  1:2,700,000,  the  ratio  between  the  concentrations 
of  the  third  and  fourth  specimens  is  1:1.4.  The  ratio  between  the 
blood  flows  of  the  fourth  and  third  specimens  is  also  1: 1.4. 

Taking  the  concentration  of  the  second  specimen  as  1 : 3,400,000  and 
that  of  the  third  as  1 : 2,700,000,  the  ratio  between  the  concentrations 
is  1: 1.3.  The  ratio  between  the  blood  flows  of  the  two  specimens  is 
1: 1.2.  It  would  be  absurd  to  refine  on  such  calculations,  considering 
the  degree  of  accuracy  possible  in  epinephrin  assays  even  under  the 
best  conditions  with  such  small  concentrations  as  are  present  in  blood. 
But  it  is  clear  enough  that  in  this  experiment,  for  a  considerable  range 
of  blood  flow,  the  rate  of  liberation  of  epinephrin  must  be  assumed  to 
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Experiment  2.  Protocol.  Cat  (pregnant).  Weight,  2.975  kgm.  Urethane, 
4.5  grams.  Tracheal  and  jugular  cannulae  inserted,  and  a  small  sample  of  jugular 
blood  obtained.  Then  a  short  cava  pocket  was  made  with  ligation  of  renal 
arteries  and  abdominal  aorta,  and  the  following  specimens  of  adrenal  blood 
collected. 


NUMBER  OF  ADRENAL 
SPECIMEN 

BLOOD  COLLECTED 

TIME  OF  COLLECTION 

BLOOD  FLOW  PER 
MINtlTE 

grama 

minutes 

grams 

1 

5.2 

2 

2.6 

2 

9.3 

4 

2.3 

3 

11.6 

5 

2.3 

4 

10.6 

5 

2.1 

5 

11.1 

6 

1.8 

6 

5.4 

10 

0.5 

The  sixth  specimen  was  collected  while  additional  blood  was  being  obtained 
from  the  jugular  (40  cc).    Combined  weight  of  adrenals,  0.58  gram. 


diluted  Witt  «n  ?  V  IT  ""^^  '"P'^'^^  indifferent  (jugular)  blood 
samnle  Tfrom  the  second  adrenal  blood 

sample  (from  experiment  2)  similarly  diluted.  At  21  Ringer's  solution  was  re- 
placed by  jugular  blood  diluted  with  an  equal  volume  of  Ringer  and  thrat  ^^ 
by  jugular  blood  made  up  with  adrenalin  to  a  concentration  o  :  4  oob  000  the 
adrenalin  blood  being  then  diluted  with  its  own  volume  of  Ringer  be  oTappUca! 

^pere^n:  ^exc^t  Jut  9."^^^  "^^^  ^ 
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have  remained  approximately  constant.  It  necessarily  follows  that 
the  concentration  of  epinephrin  in  the  blood  of  the  adrenal  veins  must 
have  varied  inversely  as  the  blood  flow  through  the  glands 

The  same  thing  is  demonstrated  fully  as  well  in  experiment  2. 
The  mitial  concentration  in  this  experiment  being  smaller  than  in  the 
previous  one,  the  rule  of  the  inverse  ratio  applies  even  to  the  specimen 
collected  with  the  slowest  flow. 


Fig.  9.  At  23  and  25  Ringer's  solution  was  replaced  by  jugular  blood  diluted 
with  its  own  volume  of  Ringer,  and  this  at  24  and  26  by  jugular  blood  made  up 
with  adrenalin  to  concentrations  of  1:2,700,000  and  1:1,350,000  respectively; 
the  adrenalin  bloods  being  then  diluted  with  an  equal  volume  of  Ringer's  solution 
before  application  to  the  segment.  The  weight  used  was  less  than  in  the  other 
figures  from  experiment  2  except  figure  8. 

The  bloods  from  experiment  2  were  tested  on  the  same  intestine 
segment  as  those  from  experiment  1.  Figure  8  shows  that  the  second 
adrenal  blood  specimen  from  experiment  2  (observation  20)  produces 
an  effect  on  the  intestine  nearly  the  same  as  that  produced  by  indifferent 
(jugular)  blood  containing  adrenalin  in  the  concentration  of  1 :  4,000,000. 
The  epinephrin  concentration  in  this  specimen  was  shown  to  be  decidedly 
less  than  1:2,700,000,  and  very  much  less  than  1:1,350,000  (fig.  9, 
observations  24  and  26).    These  curves  are  reproduced  to  prove 'that 
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the  sensitiveness  of  the  segment  to  different  concentrations  of  adrenalin 
in  blood  was  sufficient  for  the  purposes  of  the  assay.  Figures  10  and  11 
display  the  effects  of  all  the  adrenal  blood  specimens  from  experiment  2 
on  the  intestine  segment.  The  second  and  third  specimens  (observa- 
tions 72  and  74,  fig.  10)  produced  practically  the  same  inhibition,  and 
it  will  be  seen  from  the  protocol  that  during  their  collection  the  blood 
flow  remained  unchanged. 

These  tracings  caimot  be  quantitatively  compared  with  those  re- 
produced in  figures  8  and  9,  because  the  weight  attached  to  the  lever 


Fig.  10.  At  69,  71  and  73  Ringer's  solution  was  replaced  by  jugular  blood  and 
this  at  70,  72  and  7^,  respectively,  by  the  first,  second  and  third  adrenal  blood 
specimens  (experiment  2).  All  the  bloods  were  diluted  with  an  equal  volume 
of  Ringer's  solution. 

had  been  increased  after  observation  42  (fig.  2).    Also,  as  already 
mentioned,  it  is  a  rule  in  this  method  of  assaying  only  to  compare 
observations  not  very  far  apart  in  the  series.    The  somewhat  greater 
inhibitory  effect  caused  by  the  first  specimen  (observation  70,  fig  10) 
than  by  the  second  or  third  is  doubtless  due  to  some  sHght  "manipula- 
tive   liberation  of  epinephrin  while  the  pocket  was  being  closed  off 
Observation  80  (fig.  11)  indicates  a  slightly  greater  concentration  for 
the  fourth  adrenal  sample  than  for  the  third  (observation  74,  fig  10) 
and  the  rate  of  blood  flow  during  collection  of  the  fourth  specimen  was 
slightly  less  than  durmg  collection  of  the  third.    Observation  82  (fig  1 1) 
suggests  that  the  epinephrin  concentration  in  the  fifth  specimen  is 
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somewhat  greater  than  in  the  fourth.  In  particular,  the  transient 
rise  following  the  first  abrupt  drop  is  less  than  in  observation  80  The 
blood  flow  during  collection  of  the  fifth  specimen  was  somewhat  less 
than  during  collection  of  the  fourth.  The  inhibition  produced  by  the 
sixth  adrenal  blood  sample  (observation  84,  fig.  11)  obviously  corre- 
sponds to  a  very  much  greater  epinephrin  concentration  than  that  of 
any  of  the  other  specimens,  and  the  protocol  shows  that  the  blood 
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Fig.  11.  At  79,  81  and  83  Ringer's  solution  was  replaced  by  jugular  blood,  and 
this  at  80,  82  and  84,  respectively,  by  the  fourth,  fifth  and  sixth  adrenal  blood 
specimens  (experiment  2).  All  .the  bloods  were  diluted  with  one  volume  of 
Ringer's  solution.  The  drum  was  lowered  in  the  interval  between  figures  10  and 
11,  so  as  to  obtain  space  for  the  drop  expected  in  observation  8J^.  The  greater 
distance  of  the  curves  from  the  base  line  accordingly  does  not  indicate  that  the 
tone  of  the  segment  beating  in  Ringer's  solution  had  increased. 

flow  during  collection  of  the  sixth  specimen  was  by  far  the  smallest  of 
all.  The  observations  illustrated  in  figures  10  and  11  are  sufficient  to 
show  qualitatively  an  inverse  relation  between  the  rate  of  blood  flow 
and  the  epinephrin  concentration.  Figures  12  and  13  complete  the 
quantitative  proof.  Observation  86  (fig.  12)  indicates  that  1 :  2,700,000 
is  a  Mttle  greater  than  the  concentration  in  the  fifth  specimen  (observa- 
tion 82,  fig.  11).    The  initial  drop  in  observation  86  is  somewhat  greater. 
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and  the  subsequent  transient  recovery  of  tone  decidedly  less  than  m 
observation  82.  It  was  previously  determined  that  the  concentration 
in  the  second  specimen  of  experiment  2  was  approximately  1 :  4,000,000. 
If  the  concentration  in  the  fifth  specimen  be  taken  even  as  1 :  2,700,000, 
and  it  is  less  than  this,  the  ratio  between  the  concentrations  of  the 
second  and  fifth  specimen  is  1: 1.5,  whereas  the  ratio  between  the  blood 
flows  of  the  fifth  and  second  specimens  is  1: 1.3.  If  the  concentration 
of  the  fifth  specimen  be  taken  as  1:3,000,000,  the  ratio  between  the 


Fig.  12.  At  86,  87  and  89  Ringer's  solution  was  replaced  by  jugular  blood  diluted 
with  an  equal  volume  of  Ringer,  and  this  at  86,  88  and  90  by  jugular  blood  made  up 
with  adrenalin  to  concentrations  of  1:2,700,000,  1:1,350,000  and  1:700,000 
respectively,  the  adrenalin  bloods  being  then  diluted  with  an  equal  volume  of 
Ringer  before  application  to  the  segment. 

concentrations  will  also  be  1: 1.3.  Comparing  observation  84  (fig.  11) 
with  observations  88  and  90  (fig.  12).  it  is  clear  that  the  concentration 
in  the  sixth  specimen  is  superior  to  1 : 1,350,000,  and  not  very  different 
from  1 :  700,000.  The  response  of  the  intestinal  segment  to  such  high 
concentrations  of  epinephrin  ip,  however,  too  near  the  maximum  re- 
sponse for  the  greatest  accuracy  of  which  the  method  is  capable.  Ac- 
cordingly observations  were  made  with  a  greater  degree  of  dilution. 

In  figure  13  it  is  shown  that  the  concentration  of  epinephrin  in  the 
sixth  specimen  (observation  92)  is  somewhat  less  than  1 : 700,000  (ob- 
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servation  94),  and  decidedly  greater  than  1:950,000  (observations 
.  /^^^^  concentration  in  the  sixth  specimen  be  taken  as 

1:800,000  and  that  m  the  fifth  specimen  as  1:3,000,000,  the  ratio 
between  the  concentrations  of  the  fifth  and  sixth  samples  comes  out 
1 :  3.7.  Takmg  the  concentration  in  the  fifth  specimen  as  1 :  2,700  000 
the  ratio  would  be  1:  3.4.  The  ratio  between  the  blood  flows  for  the 
sixth  and  fifth  specimens  is  1 :  3.6.  In  this  experiment,  with  a  range  of 
blood  flow  from  2.3  grams  per  minute  to  0.5  gram  per  minute,  the  inverse 
ratio  between  blood  flow  and  epinephrin  concentration  in  the  adrenal 
blood  was  maintained;  in  other  words,  the  rate  of  liberation  of  epi- 
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Fig.  13.  At  91  Ringer's  solution  was  replaced  by  jugular  blood  diluted  with 
its  own  volume  of  Ringer.  At  92  this  was  replaced  by  a  mixture  containing  one 
part  of  the  sixth  adrenal  blood,  (from  experiment  2)  one  part  of  jugular  blood  and 
two  parts  of  Ringer's  solutipn.  At  93  Ringer's  solution  was  replaced  by  jugular 
blood  diluted  with  its  own  volume  of  Ringer,  and  this  at  9J^  by  a  mixture  containing 
ing  one  part  of  jugular  blood  made  up  with  adrenalin  to  a  concentration  of 
1:  700,000,  one  part  of  jugular  blood  and  two  parts  of  Ringer.  At  97  Ringer's 
solution  was  replaced  by  jugular  blood,  diluted  with  two  volumes  of  Ringer,  and 
this  at  98  by  the  sixth  adrenal  specimen  (from  experiment  2)  similarly  diluted. 
At  99  Ringer's  solution  was  replaced  by  jugular  blood  diluted  with  two  volumes 
of  Ringer,  and  this  at  100  by  jugular  blood  made  up  with  adrenalin  to  a  con- 
centration of  1 :  950,000,  the  adrenalin  blood  being  then  diluted  with  two  volumes 
of  Ringer  before  application  to  the  segment. 


EFFECT  OF  BLOOD  FLOW  ON  LIBERATION  OF  EPINEPHRIN 


nephrin  remained  constant  for  the  whole  of  this  experimental  period. 
It  must  be  assumed  that  in  this  animal  even  when  the  very  high  con- 
centration of  1 :  800,000  had  been  reached  in  the  blood,  the  glands  were 
still  able  to  pass  into  the  blood  the  full  amount  of  epinephrin  delivered 
per  unit  of  time  with  greater  blood  flows.  Since,  however,  1 :  800,000 
represents  a  concentration  scarcely  ever  surpassed  in  adrenal  blood, 
collected  and  assayed  in  the  manner  described,  it  may  be  concluded 
with  confidence  that  had  collection  of  the  adrenal  blood  been  continued 
with  still  smaller  rates  of  flow,  the  inverse  proportionality  would  of 
necessity  have  disappeared  and  the  amount  of  epinephrin  liberated  per 
minute  into  the  blood  would  have  shown  a  progressive  diminution. 

In  general  it  may  be  said  that  the  approximate  constancy  of  the  rate 
of  epinephrin  liberation  imder  the  experimental  conditions  can  be 
demonstrated  throughout  the  greatest  range  of  blood  flow  when  the 
initial  concentration  is  low,  or  what  usually  although  not  invariably 
comes  to  the  same  thing,  when  the  initial  blood  flow  is  high.  When  the 
concentration  in  the  first  samples  is  already  high,  the  rate  of  liberation 
will  soon  appear  to  diminish  as  the  rate  of  blood  flow  falls  below  the 
point  corresponding  to  the  maximmn  possible  concentration.  A  few 
more  results  illustrating  this  rule  may  be  quoted  in  summarized  form. 

In  a  cat  weighing  2.035  kgm.,  the  protocol  of  which  has  been  pubUshed 
elsewhere  (3),  the  second  adrenal  blood  specimen,  with  a  flow  of  2.2 
grams  per  minute,  had  a  concentration  of  about  1 : 2,500,000  of  epi- 
nephrin; and  the  third  adrenal  specimen,  with  a  flow  of  1.3  gram  per 
minute,  a  concentration  of  about  1: 1,500,000.  The  ratio  of  the  con- 
centrations of  the  second  and  third  specimens  is  1: 1.7,  and  the  ratio 
of  the  blood  flows  of  the  third  and  second  specimens  is  also  1 : 1.7.  The 
output  of  epinephrin  was  therefore  unchanged  during  collection  of 
the  two  samples  (0.0009  mgm.  per  minute).  This  is  a  relatively  large 
output  as  assayed  in  drawn  blood  on  rabbit  segments.  In  the  fifth 
adrenal  specimen,  the  output  calculated  from  the  epmephrin  assay 
was  much  less,  0.0004  mgm.  per  minute.  But  this  was  inevitable, 
since  the  blood  flow  was  only  0.4  gram  per  nnnute,  and  the  concentration 
which  was  already  approaching  the  maximum  limit  during  collection 
of  the  third  specimen,  could  not  increase  in  proportion  to  the  decrease 
of  blood  flow,  although  it  reached  the  high  value  of  1: 1,000,000. 

In  another  cat,  weighing  2.66  kgm.  (2),  the  concentration  in  the 
second  adrenal  sample  was  1 : 4,500,000,  and  in  the  fifth,  1 :  2,300,000. 
The  blood  flows  were  2.1  grams  and  1.0  gram  per  minute,  respectively! 
The  ratio  between  the  concentrations  of  the  second  and  fifth  specimens 
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is  1 :  2,  and  that  between  the  blood  flows  of  the  fifth  and  second,  1 : 2.1. 
The  output  of  epinephrin  per  minute  was  therefore  practically  the  same 
for  the  two  samples,  about  0.00045  mgm.  per  minute. 

In  another  cat,  weighing  3.16  kgm.,  the  concentration  in  the  second 
adrenal  specimen  was  1: 1,700,000,  with  a  blood  flow  of  1.30  gram  per 
minute,  and  in  the  third  specimen,  1:1,000,000,  with  a  flow  of  0.73 
gram  per  minute.  The  rate  of  liberation  of  epinephrin  was  relatively 
large  in  this  animal,  and  therefore  the  maximum  concentration  was 
reached  with-  a  greater  blood  flow  than  would  have  been  the  case  had 
the  output  been  smaller.  The  ratio  between  the  concentrations  in  the 
two  specimens  is  1:  1.7,  and  the  ratio  between  the  blood  flows,  1:  1.8. 
The  output  of  epinephrin  per  minute  was  practically  the  same  for  the  two 
samples,  about  0.00075  mgm. 

In  a  cat  weighing  2.435  kgm.  the  concentration  of  epinephrin  was 
found  the  same,  namely  1 : 2,000,000,  in  the  second,  third  and  fourth 
adrenal  blood  specimens,  and  the  blood  flows  were  also  equal  (1.3 
.gram  per  minute).  The  output  of  epinephrin  per  minute  was  0.0006 
mgm. 

In  a  cat  weighing  2.31  kgm.,  the  imusually  low  concentration  of 
1 : 13,000,000  of  epinephrin  was  found  in  the  second  adrenal  blood 
specimen,  associated  with  the  imusually  high  blood  flow  of  5,0  gram 
per  minute  (4).  In  the  eighth  adrenal  specimen,  after  section  of  the 
cord  in  the  cervical  region,  the  concentration  moxmted  to  something 
less  than  1 : 800,000,  as  great  a  concentration  of  epinephrin  as  we  have 
ever  seen  in  the  drawn  adrenal  blood  of  a  cat.  The  blood  flow  during 
collection  of  the  sample  was  only  0.3  gram  per  minute.  The  concen- 
tration in  the  eighth  specimen  was  accordingly  about  sixteen  times  as 
great  as  in  the  second,  and  the  rate  of  blood  flow  during  collection  of 
the  eighth  specimen  was  sixteen  times  smaller  than  during  collection  of 
the  second.  The  output  of  epinephrin  therefore  remained  unaltered, 
namely,  0.0004  mgm.  per  minute. 

In  dogs  the  available  data  are  less  extensive  but  similar  results  have 
been  obtained.  In  an  experiment  on  a  dog  weighing  14.9  kgrh.,  the 
protocol  of  which  has  been  pubhshed  in  another  connection  (4),  the 
concentration  of  epinephrin  in  the  fifth  adrenal  blood  specimen  was 
about  1:3,000,000;  and  in  the  eighth  specimen,  about  1:1,100,000. 
The  blood  flows  were  5.7  cc.  and  1.8  cc.  per  minute.  The  rate  of  libera- 
tion of  epinephrin  per  minute  was  therefore  practically  the  same  in 
the  two  samples,  notwithstanding  the  great  difference  in  the  blood  flow. 
No  doubt  the  correspondence  would  have  been  still  more  exact  had  the 
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concentration  in  the  final  sample  not  been  approaching  so  near  the 
maximum. 

In  some  of  the  dogs  the  attempt  was  made  to  vary  the  blood  flow 
through  the  adrenals  by  causing  incomplete  inhibition  of  the  heart  by 
vagus  stimulation.  However,  the  effect,  was  not  very  decided.  The 
rule  abundantly  illustrated  in  the  experiments  on  cats,  that  a  specimen 
of  adrenal  blood  collected  with  a  slower  flow  has  a  greater  concentra- 
tion of  epinephrin  than  one  collected  in  the  same  experiment  with  a 
faster  flow,  was  verified  in  every  case  in  the  observations  on  dogs.  So 
many  intestine  tracings  having  been  already  reproduced,  it  will  be 
sufiicient  to  give  a  sample  of  uterus  tracings  (fig.  14,  experiment  3) 
illustrating  this  point. 

Experiment  3.  Protocol.  Dog  (female).  Weight,  6.7  kgm.  Ether.  Cava 
pocket  prepared  with  cannula  in  right  iliac  vein.  One  vagus  prepared  for  stimxila- 
tion  in  the  neck.    The  following  samples  of  blood  were  then  collected: 


NUMBER  OF 

BI.OOD 
COLLECTED 

TIME  OF 
COLLECTION 

BLOOD  FLOW 
PER  MINUTE 

ADRENAL 
SPECIMEN 

REMARKS 

CC. 

minutes  seconds 

CC. 

1 

28.0 

1  45 

16.0 

2 

31.0 

1  50 

16.9 

3 

42.0 

2  20 

18.2 

Vagus  stimulation 

•  4 

30.5 

2  45 

11.9 

Vagus  stimulation 

5 

20.0 

2  10 

9.2 

6 

19.5 

3 

6.5 

Vagus  stimulation 

7 

20.0 

4  45 

4.2 

8 

18.0 

7 

2.6 

9 

8.7 

6  30 

1.3 

Blood  was  now  collected  from  the  carotid  artery  and  used  as  the  indifferent 
blood  in  testing  with  rabbit  intestine  and  uterus  segments.  As  usual,  all  bloods 
were  well  shaken  up  with  air  before  being  applied  to  the  segments.  The  com- 
bined weight  of  the  adrenals  was  0.65  gram. 

From  the  amount  of  the  earlier  blood  flows,  it  seems  possible  that 
some  leakage  from  other  sources  than  the  adrenal  veins  may  have  taken 
place  into  the  pocket,  although  careful  search  at  autopsy  failed  to  reveal 
any  untied  small  vein.  It  must  be  remembered,  however,  that  mth  so 
many  arteries  clamped  the  arterial  blood  pressure  is  very  high  at  first, 
and  a  large  blood  flow  through  the  adrenals  would  therefore  be  expected.' 
In  any  case,  the  relative  concentration  of  epinephrin  in  the  successive 
adrenal  samples  would  probably  not  be  affected,  even  if  a  small  vein 
had  been  overlooked. 
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The  specimens  of  uterus  tracings  reproduced  in  figure  14  suggest 
that  the  second  adrenal  sample  (observation  81)  has  a  sHghtly  higher 
concentration  of  epinephrin  than  the  third  sample  (observation  75), 
corresponding  to  the  slightly  greater  flow  during  collection  of  the 
latter,  notwithstanding  the  vagus  stimulation.  The  fourth  sample 
(observation  76)  has  a  distinctly  greater  tone-increasing  effect  than  the 
third;  the  fifth  sample  (observation  77)  has  a  greater  effect  than  the 
fourth,  the  sixth  (observation  78)  a  greater  effect  than  the  fifth,  and  the 
seventh  (observation  79)  a  greater  effect  than  the  sixth.  The  in- 
crease of  tone  produced  by  the  seventh  sample  was  shown  to  be  maxi- 


Fig.  14.  Uterus  tracings.  Dog's  blood  (experiment  3).  At  75  Ringer's 
solution  was  replaced  by  the  third  adrenal  blood  specimen;  at  76  by  the  fourth; 
at  77  by  the  fifth;  at  78  by  the  sixth;  at  79  by  the  seventh;  at  M  by  the  second 
adrenal  sample. 

mal  for  the  segment,  and  that  is  the  reason  for  the  relatively  small 
additional  increase  caused  by  the  seventh  specimen.  The  eighth  and 
ninth  samples  naturally  produced  no  further  increase  of  tone.  But 
when  the  specimens  were  appropriately  diluted  a  markedly  greater 
effect  was  caused  by  the  seventh  than  by  the  sixth,  by  the  eighth  than 
by  the  seventh,  and  by  the  ninth  than  by  the  eighth.  Corresponding 
results  were  obtained  on  the  intestine  segments. 

In  another  dog  (experiment  4),  a  similar  experiment  was  performed 
and  with  a  similar  result. 

The  epinephrin  content  of  the  second  adrenal  specimen  was  assaji-ed 
on  a  rabbit  intestine  segment  at  1 :  6,000,000,  corresponding  to  an  out- 
put of  0.001  mgm.  of  epinephrin  per  minute  for  the  animal  (0.00015 
mgm.  per  kilogram  of  body  weight  per  minute).    The  epinephrin  con- 
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tent  of  the  sixth  adrenal  specimen  was  assayed  at  somewhat  more  than 
1 : 3,000,000,  corresponding  to  an  output  of  more  than  0.0009  mgm. 
per  minute  for  the  animal,  practically  the  same  as  for  the  second  speci- 
men. The  concentrations  in  the  two  specimens  were  therefore  ap- 
proximately in  the  inverse  ratio  of  the  blood  flows.  Several  additional 
experiments  were  made  on  dogs,  of  which  only  one  more  will  be  cited. 

Experiment  4-  Protocol.  Dog  (female  in  early  pregnancy).  Weight,  7.7 
kgm.  Ether.  Cava  pocket  made.  Renal  and  iliac  arteries  and  left  iliac  vein 
tied.  Cannula  inserted  into  right  iliac  vein.  Left  vagus  cut  in  the  neck  and  its 
peripheral  end  prepared  for  stimulation.  The  following  specimens  of  adrenal 
blood  were  then  collected. 


NUMBER  OP 
ADRENAL 
SPECIMEN 

BLOOD 
COLLECTED 

TIME  OF 
COLLECTION 

BLOOD  FLOW 
PER  MINUTE 

REMARKS 

CC. 

minutes  seconds 

CC. 

1 

'  13.2 

1  40 

8.0 

2 

13.0 

2 

6.5 

Vagus  stimulation 

3 

12.5 

2  30 

5.0 

Vagus  stimulation 

4 

16.6 

4  28 

3.7 

5 

12.6 

4  29 

2.8 

6 

7.0 

2  30 

2.8 

Vagus  stimulation 

A  sample  of  jugular  vein  blood  (17  cc.)  was  drawn  before  collection  was  begun 
from  the  cava  pocket.  After  collection  of  the  adrenal  samples,  120  cc.  of  blood 
was  obtained  from  the  carotid  artery.  The  combined  weight  of  the  adrenals 
was  0.78  gram. 
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Fig.  15.  Intestine  tracings.  Dog's  blood  from  experiment  5  At  67  59  61 
and  66  Ringer's  solution  was  replaced  by  indifferent  (arterial)  blood,  and  this 
at  58,  60,  62  and  66,  by  the  tenth,  seventh,  eighth  and  fourth  adrenal  blood  speci- 
mens respectively.  All  the  bloods  were  diluted  with  three  volumes  of  Ringer's 
solution.  ^ 
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ExverxmentB.  Dog  (male).  Weight,  11.3  kgm.  Ether.  A  cava  pocket  was 
formed  without  tying  off  the  intestinal  arteries.  A  blood  pressure  tracing  was 
taken  from  the  carotid  during  collection  of  the  adrenal  samples.  During  col- 
lection of  some  of  the  samples  the  vagus  was  stimulated  in  the  neck. 


NUMBER  OF 
ADRENAL 

BLOOD 
COLLECTED 

TIME  OP 
COLLECTION 

BLOOD 
FLOW  PER 
MINUTE 

BLOOD 

REMARKS 

CC. 

minutes  seconds 

CC. 

mm.  of  Hg. 

1 
1 

91  A 

1  oo 

14.6 

96 

2 

20.4 

1  25 

12.7 

92 

Vagus  stimulation 

3 

21.9 

2  21 

9.3 

92 

4 

16.6 

2  15 

7.4 

82 

Vagus  stimluation 

5 

21.9 

2  50 

7.7 

82 

Vagus  stimulation* 

6 

17.7 

2  30 

7.0 

82-70 

Vagus  stimulation* 

7 

17.6 

3 

5.8 

65 

8 

21.9 

3  36 

6.0 

60 

9 

21.7 

3  55 

5.5 

60  falling 

10 

22.9 

6  15 

3.6 

falling 

11 

12.4 

4  33 

2.7 

28-22 

*  The  vagus  was  stimulated  during  part  of  the  time  of  collection  of  these 
specimens. 

Blood  was  drawn  from  the  jugular  vein  before  collection  of  the  adrenal  samples 
to  serve  as  indifferent  blood  in  the  intestine  and  uterus  tests.  Combiried  weight 
of  adrenals,  1.30  gram.  Seventy-five  cubic  centimeters  of  blood  was  obtained  from 
the  carotid  at  the  end  of  the  experiment.  Specific  gravity  of  fifth  adrenal  speci- 
men, 1.071.  Specific  gravity  of  the  carotid  blood  at  the  end  of  the  experiment, 
1.062. 

Numerous  tracings  were  taken  to  compare  the  effects  of  the  various 
adrenal  blood  samples  on  intestine  and  uterus  segments.  A  few  are 
reproduced  in  figures  15  to  17.  In  figure  15  it  is  seen  that  the  tenth 
adrenal  specimen  (observation  58)  inhibits  the  intestine  segment  much 
more  powerfully  than  either  the  seventh  (observation  60)  or  the' eighth 
(observation  62),  and  that  the  seventh  and  eighth  specimens  cause  a 
distinctly  greater  inhibition  than  the  fourth  (observation  66).  Refer- 
ence to  the  protocol  will  show  that  the  blood  flow  during  collection 
of  the  tenth  sample  was  twice  as  great  as  during  collection  of  the 
fourth.  When  the  seventh  and  eighth  specimens  were  being  obtained 
the  rate  of  blood  flow  was  intermediate  in  amount.  In  figure  16,  the 
effects  of  the  fourth  (observation  64)  and  eleventh  (observation  68) 
adrenal  blood  specimens  are  compared.  A  much  greater  inhibition 
was  produced  by  the  eleventh  than  by  the  fourth  specimen,  which 
was  collected  with  a  blood  flow  nearly  three  times  as  great  as  during 
collection  of  the  eleventh  sample. 
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A  point  of  some  technical  importance  may  be  referred  to  here.  Observations 
€3  and  64  were  made  with  the  same  blood  sample  as  observations  65  and  66  (fig. 
15),  in  the  same  dilution,  and  very  near  each  other  in  the  scries.  Yet  the  curves 
are  not  suitable  for  comparison,  since  the  increase  of  tone  produced  at  63  is  con- 
siderably greater  than  that  at  65.  Sometimes  a  segment  rather  suddenly  changes 
in  its  sensitiveness  to  the  tone-increasing  action  of  blood,  and  we  have  observed 
that  when  the  augmentation  of  tone  produced  by  a  given  blood  or  serum  is  in- 
creased, the  inhibition  caused  by  a  given  concentration  of  epinephrin  in  blood  or 
serum  is  also  increased.  Thus  the  absolute  amount  of  the  drop  in  the  curve  at 
64  is  greater  than  at  66.  This  phenomenon,  which  does  not  occur  very  frequently,' 
does  not  interfere  at  all  with  the  estimation  of  epinephrin  in  blood  samples, 
provided  the  rule  is  obeyed  that  only  curves  which  can  be  properly  compared 
are  used  for  comparison.  After  washing  the  segment  more  thoroughly  with 
Ringer's  solution  and  allowing  a  longer  interval  before  application  of  the  bloody 
it  began  again  to  give  curves  like  65  and  66,  which  are  comparable  with  the  others 
reproduced  in  figure  15. 

In  figure  17,  are  shown  a  few  of 
the  tracings  taken  with  the  same 
bloods,  but  on  a  segment  from 
another  rabbit.  Again,  of  course, 
observations  in  this  series  cannot 
be  compared  with  observations  on 
the  same  bloods  in  the  series  on  the 
other  segment.  Thus,  observations 
16  (fig.  17)  and  68  (fig.  16)  were 
both  obtained  with  the  eleventh 
adrenal  blood  specimen  and  observa- 
tions 31  (fig.  17),  64  (fig.  16)  and  66 
(fig.  15)  vnth  the  fourth  specimen. 
Observations  18  and  23  (fig.  17) 
were  made  with  the  same  blood 
Cthe  ninth  adrenal  sample)  and 
on  the  same  intestinal  segment, 
but  the  segment  was  differently- 
weighted,  and  they  cannot  be  com- 
pared for  quantitative  purposes. 
It  is  sometimes  advantageous  after  making  an  epinephrin  assay  on  a 
segment  to  change  the  weight  or  to  change  the  segment  and  to  repeat 
the  assay.  Each  curve  m  the  second  series  will  differ  from  the  corre- 
sponding curve  in  the  first.  If  a  new  segment  has  been  taken,  theie 
may  be  no  resemblance  between  the  corresponding  curves  in  the  two 
series,  but  this  will  not  interfere  in  the  least  with  the  comparison  of  the 


Fig.  16.  Intestine  tracings.  Bloods 
from  the  same  dog  used  for  figure  15. 
At  63  and  67  Ringer's  solution  was 
replaced  by  indifferent  (arterial)  blood 
and  this  at  64  and  68  by  the  fourth  and 
eleventh  adrenal  blood  specimens  re- 
spectively. The  bloods  were  diluted 
with  three  volimies  Ringer's  solution. 
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curves  in  one  and  the  same  series,  and  the  relative  position  of  the 
various  blood  samples  as  regards  their  content  of  epinephrin  will  be 
identical  for  the  two  series. 
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Fig.  17.  Intestine  tracings.  Bloods  from  the  same  dog  used  for  figures  15  and 
16.  The  intestine  segment  was  from  another  rabbit.  At  15  and  17  Ringer's 
solution  was  replaced  by  indifferent  (jugular)  blood,  and  this  at  16  and  18  re- 
spectively by  the  eleventh  and  ninth  adrenal  blood  specimens.  After  18  the 
weight  was  increased.  At  22  and  30  Ringer's  solution  was  replaced  by  jugular 
blood,  and  this  at  23  and  31  by  the  ninth  and  fourth  adrenal  blood  specimens, 
respectively.    All  the  bloods  were  diluted  with  three  volumes  of  Ringer's  solution. 

SUMMARY 

It  is  shown  that  within  the  limits  of  error  of  the  method  used  for  the 
assay  (rabbit  intestine  and  uterus  segments)  the  concentration  of 
epinephrin  in  the  adrenal  vein  blood  collected  from  a  cava  pocket 
varies  in  different  samples  from  the  same  animal  inversely  as  the  rate 
of  blood  flow  through  the  glands  during  the  period  of  collection,  the 
rate  of  output  of  epinephrin  per  minute  being  constant  under  the 
experimental  conditions  for  a  considerable  range  of  blood  flow. 

The  rule  fails,  of  course,  when  the  rate  of  blood  flow  is  diminished 
below  the  value  at  which  the  concentration  of  epinephrin  has  reached 
the  possible  maximum.  For  this  reason  determinations  of  the  rate  of 
spontaneous  liberation  of  epinephrin  by  assays  on  di-a.wn  adrenal  vein 
blood  should  be  made  on  samples  obtained  with  a  rate  of  flow  well 
above  this  limiting  value. 
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Quantitative  experiments  on  the  liberation  of  epinephrin  from  the 
adrenals  after  section  of  their  nerves,  with  special  refer- 
ence to  the  question  whether  epinephrin  is 
indispensable  for  the  organism. 

By  G.  N.  Stewart  and  J.  M.  Rogoff. 

[From  the  H.  K.  Gushing  Laboratory  of  Experimental  Medicine, 
School  of  Medicine,  Western  Reserve  University,  Cleveland.] 

1.  We  showed  in  a  previous  paper^  by  the  blood  pressure  and 
eye  reactions  that  after  section  of  the  nerve  supply  of  the  adrenal 
no  demonstrable  liberation  of  epinephrin  was  present  in  cats  as 
long  as  five  weeks  after  the  nerve  section, 

2.  As  it  is  easier  to  detect  very  small  concentrations  of  epine- 
phrin by  the  rabbit  intestine  and  uterus  segments,  we  have  made 
a  series  of  experiments  (on  7  cats)  in  which  these  tests  were  used 
to  supplement  the  eye  reactions.  In  all  the  animals  one  adrenal 
was  excised  and  the  nerves  of  the  other  cut. 

In  a  cat  tested  two  weeks  after  the  operation,  it  was  shown 
that  the  adrenal  blood  serum  could  not  have  contained  i  :  300,000,- 
000,  or  the  blood  i  :  400,000,000,  of  epinephrin ;  and  that  the 
rate  of  liberation  of  epinephrin  could  not  have  been  at  most 
0.000001  mgm.  per  minute  for  one  adrenal.  In  another  cat  three 
weeks  after  the  operation'^  the  serum  of  the  adrenal  blood  was 
proved  to  contain  less  than  i  :  400,000,000,  and  the  blood  less 
than  I  :  700,000,000  epinephrin.  The  output  of  epinephrin  per 
minute  could  not  have  been  as  much  as  0.0000009  mgm.  per 
minute,  for  one  adrenal.  The  segments  used  for  the  tests  in  these 
experiments  were  extremely  sensitive,  and  the  limits  of  adrenalin 
concentrations  which  could  be  detected  with  certainty  were  care- 

•  Journal  of  Pharmacology  and  Experimental  Therapeutics,  1916,  VIII,  479. 
'  In  this  animal  after  the  usual  operation  the  left  semilunar  ganglion  and  the 
first  ganglion  of  the  lumbar  sympathetic  chain  below  the  diaphragm  were  excised. 
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fully  determined.  The  eye  reactions  were  negative.  In  these 
two  cats  the  rate  of  liberation  of  epinephrin,  if  any  liberation 
whatever  was  going  on,  must  have  been  several  hundred  times 
less  than  the  rate  in  normal  animals  under  the  same  experimental 
conditions. 

It  is  scarcely  necessary  to  point  out  that  experiments  yielding 
completely  negative  results  indicating  the  absence  of  epinephrin 
with  very  sensitive  test  objects  are  much  more  important  for  the 
questions  studied  than  experiments  in  which  small  amounts  of 
epinephrin  can  still  be  detected.  For  it  is  impossible  to  be  certain 
that  when  a  little  epinephrin  is  found  some  of  the  fibers  concerned 
in  the  liberation  may  not  have  escaped  section. 

3.  Since  these  animals  had  completely  recovered  from  the 
operation  and  behaved  in  every  way  like  normal  animals,  it  must 
be  concluded  that  the  liberation  of  epinephrin  from  the  adrenals 
is  not  indispensable  for  life  or  health,  unless  indeed  the  necessary 
quantity  is,  even  in  the  adrenal  vein  blood,  below  the  limits  of 
detection  by  the  methods  used.  It  must  be  remembered  that 
the  epinephrin  in  the  adrenal  blood  is  diluted  enormously  (prob- 
ably at  least  100  times)  in  the  right  heart;  so  that  in  these  cats 
the  concentration  in  the  arterial  blood  could  not  at  most  have 
reached  i  :  40  billions  and  i  :  70  billions,  respectively. 

If  the  liberation  of  epinephrin  is  abolished  by  division  in  the 
dorsal  cord  of  the  path  concerned  in  it,  as  our  experiments  on 
"Relation  of  the  Spinal  Cord  to  the  Spontaneous  Liberation  of 
Epinephrin"  indicate,  this  corroborates  the  conclusion  that 
epinephrin  is  not  indispensable.  Numerous  animals  and  men 
have  long  survived  such  lesions. 

4.  These  experiments  indicate  that  the  entire  liberation  of 
epinephrin  from  the  adrenals  is  controlled  by  nerves. 

5.  In  a  third  cat  (8  days  after  operation)  the  adrenal  vein 
blood  contained  epinephrin  but  in  concentration  not  exceeding 
I  :  125,000,000.  The  output  of  epinephrin  per  minute  was  prob- 
ably not  more  at  most  than  one-hundredth  of  what  might  be 
expected  in  a  normal  animal. 

6.  In  a  cat  15  weeks  after  the  operation  it  was  doubtful  if  any 
epinephrin  was  present  in  the  adrenal  vein  blood.  In  two  others 
15  weeks  after  operation  eye  reactions  and  segment  tests  showed 
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the  presence  of  a  small  amount  of  epinephrin,  the  rate  of  liberation 
being  a  mere  fraction  of  the  normal.  The  possibility  of  regenera- 
tion of  fibers  after  this  interval  must  be  considered.  In  the 
seventh  cat  (tested  two  weeks  after  the  operation)  the  eye  reac- 
tions were  negative.  The  segment  tests  revealed  a  small  concen- 
tration of  epinephrin  in  the  adrenal  blood  (less  than  i  :  30,000,000) 
corresponding  to  a  rate  of  liberation  of  epinephrin  per  minute 
of  at  most  one  tenth  of  the  normal. 
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QUANTITATIVE  EXPERIMENTS  ON  THE  LIBERATION 
OF  EPINEPHRIN  FROM  THE  ADRENALS  AFTER 
SECTION  OF  THEIR  NERVES,  WITH  SPECIAL  REF- 
ERENCE TO  THE  QUESTION  OF  THE  INDISPENSA- 
BILITY  OF  EPINEPHRIN  FOR  THE  ORGANISM 
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It  is  known  that  after  section  of  certain  nerves  the  rate  of  the 
spontaneous  liberation  of  epinephrin  is  greatly  reduced.  This 
is  very  easy  to  demonstrate  in  the  cat  in  acute  experiments  by 
the  method  previously  described  by  us  (1)  (collection  of  adrenal 
vein  blood  in  a  cava  pocket,  and  the  action  of  the  blood  when 
released  in  eliciting  dilatation  of  the  pupil  and  retraction  of  the 
nictitating  membrane  in  the  eye  previously  prepared  by  Melt- 
zer's  procedure,  so  as  to  react  with  great  sensitiveness  to  epi- 
nephrin). After  section  of  the  fibers  coming  to  the  semilunar 
ganglion,  including  the  splanchnics,  or  after  section  of  the  two 
sympathetic  trunks,  including  the  splanchnics,  in  the  thorax 
near  to  the  diaphragm,  the  eye  reactions  are  in  general  no  longer 
obtained,  unless  with  considerably  longer  periods  of  collection 
of  blood  than  were  sufficient  to  elicit  them  strongly  before  the 
nerve  section.  The  rise  of  blood  pressure  associated  with  the 
release  of  blood  containing  epinephrin  is  likewise  missing  after 
the  nerves  have  been  severed.  In  survival  experiments  also 
it  was  shown  that  when  the  right  adrenal  was  excised  and  the 
fibers  coming  to  the  left  semilunar  ganglion  cut  the  eye  and 
blood  pressure  reactions  could  no  longer  be  detected.  Since 
cats  survive  this  operation  indefinitely,  and  so  far  as  can  be  seen 
after  recovery  from  the  operation  in  the  same  health  and  vigor 
as  normal  animals,  the  experiments  obviously  have  a  bearing 
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TABLE  2 


NUM- 

BODY 
WEIGHT 

WEIGHT 

AD- 
REN  AI, 
BI.OOD 
SAMPLE 

BLOOD  PLOW 

BER  OF 
CAT 

OP  AD- 
RENALS 

Grams 

In  minutes  and 
seconds 

Gms. 
per 
minute 

EPINEPHRIN 
CONCENTRATION 

kptn. 

minutet 

seconds 

64 

2.425 

0.390 

1 

0.9 

20 

2.7 

2 

1.9 

1 

30 

1.3 

1 

:  2,000,000 

3 

2.6 

2 

10 

1.3 

1 

:  2,000,000 

4 

4.3 

3 

20 

1.3 

1 

•  2  000  non 

5 

3.3 

3 

1.1 

6 

4.0 

4 

1.0 

63 

3.41 

0.550 

1 

2.0 

55 

2.2 

2 

2.9 

1 

15 

2.3 

1 

:  2,000,000 

3 

3.1 

1 

20 

2.4 

4 

3.3 

1 

45 

1.9 

1 

:  2,000,'oOO 

5 

4.0 

2 

5 

2.0 

1 

:  2,000,000 

6 

3.2 

2 

1.6 

7 

2.0 

1 

2.0 

8 

6.5 

4 

25 

1.5 

66 

2.035 

0.338 

1 

2.5 

1 

2.5 

2 

4.5 

2 

2.2 

1 

2,500,000  ( 

3 

3.6 

2 

45 

1.3 

1 

1,500,000  ( 

4 

2.5 

3 

30 

0.7 

5 

1.7 

4 

0.4 

1 

1,000,000  ( 

67 

2.31 

0.440 

1 

2.0 

20 

6.0 

2 

10.2 

2 

5.0 

1: 

13,000,000  ( 

81 

1.98 

0.396 

1 
2 

3.6 
9.9 

1 

5 

20 

2.8 
2.0 

3 

6.8 

6 

1.13 

1: 

2,200,000  ( 

4 

3.0 

4 

30 

0.66 

82 

2.66 

0.300 

1 

5.3 

2 

30 

2.1 

2 

8.3 

4 

2.1 

1: 

4,500,000  ( 

3 

9.0 

5 

1.8 

4 

S  Q 

O .  O 

6 

1  ^ 

1 .  D 

5 

6.9 

7 

1.0 

1: 

2,300,000  C 

D 

4.5 

8 

0.56 

83 

3.03 

0.360 

1 

4.7 

2 

2.3 

2 

7.8 

4 

1.9 

1: 

3,200,000  C 

3 

10.1 

6 

1.7 

4 

9.8 

8 

1.2 

1: 

2,000,000  0 

5 

3.5 

9 

0.4 

EPINEPHRIN 


Per  ani- 
mal per 
minute 


mgm. 

0.0006 
0.0006 
0.0006 


0.001 


Per  kilo 
per  min- 
ute 


mgm. 

0.00025 
0.00025 
0.00025 


0.0003 

0.0003 
0.0003 


0.0004 


0.0004 


0.0005 


0.0005 


0.00045 


0.00045 
0.00045 

0.0002 


0.0002 


0.00025 


0.0002 


0.0002 


0.0002 
0.0002 
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TABLE  2— Continued. 


NUM- 
BER OF 
CAT 

WEIGHT 
OF  AD- 
RENALS 

AD- 

BLOOD FLOW 

EPINEPHRIN 
CONCENTRATION 

EPINEPHRIN 

BODY 
WEIGHT 

RENAL 
BLOOD 
SAMPLE 

Grams 

In  minutes  and 
seconds 

Cms. 
per 
minute 

Per  ani- 
mal i>er 
minute 

per  kilo 
per  min- 
ute 

84 

kgm. 
2.975 

grama 

0.580 

1 

2 
3 
4 
5 
6 

5.2 
9.3 
11.6 
10.6 
11.1 
5.7 

minutes 
2 
4 
5  ■ 
5 
6 
10 

seconds 

2.6 
2.3 
2.3 
2.1 
1.8 
0.5 

1:4,000,000 
1:4,000,000 

1:2,700,000 

mgm. 
0.0006 

0.0006 
0.0007 

mgm,. 

0.0002 
0.0002 

0.00025 

85 

S.Vo 

\}A2,2, 

1 
2 
3 
4 

3.6 
5.2 
7.3 
1.6 

2 
4 
10 
8 

30 

1.8 
1.30 
0.73 
0.2 

1:1,700,000 
1:1,000,000 

0.0008 
0.0007 

0.00025 
0.0002 

86 

2.875 

0.680 

1 

2 
3 

3.8 
4.7 
1.6 

4 
8 
4 

0.95 

0.6 

0.4 

1:1,500,000 

0.0004 

0.00015 

In  all  the  cats  except  84  and  86  all  the  arteries  (renal,  coeliac,  mesenteric  and 
abdominal  aorta)  were  tied.  In  84  and  86  the  coeliac  and  mesenteric  arteries 
were  not  tied.  All  the  cats  except  65  were  anesthetized  with  urethane.  Cat  65 
was  rendered  insensitive  by  increased  intracranial  pressure.  In  cat  64,  in  addi- 
tion to  urethane  anesthesia,  the  intracranial  pressure  was  increased.  In  cat  67 
the  unusually  low  concentration  of  epinephrin  was  associated  with  an  exception- 
ally large  blood  flow,  but  no  unligated  small  vein  could  be  found. 

nals  may  be,  the  concentration  of  epinephrin  in  the  blood  of  the  adrenal 
veins  (in  cats)  cannot  rise  beyond  a  certain  maximum  (not  very  far 
from  1 : 1,000,000  as  assayed  by  rabbit  segments).  When  this  maximmn 
has  once  been  reached  further  diminution  of  the  rate  of  blood  flow 
necessarily  leads  to  a  diminished  output  per  minute.  When  the  blood 
flow  is  free,  and  the  concentration  well  below  this  limiting  value,  it 
can  be  proved  thai?  within  a  wide  range  the  rate  of  flow  and  the  con- 
centration of  epinephrin  vary  inversely,  the  rate  of  liberation  of  the 
epinephrin  per  minute  remaining  constant.  Since  when  blood  is 
drawn  off  from  a  cannula  in  the  cava  pocket  the  rate  of  flow  is  nearly 
always  diminished  to  some  extent,  as  compared  with  the  rate  of  flow 
in  the  eye  observations,  which  do  not  entail  the  drawing  off  of  blood, 
the  output  as  estimated  from  the  epinephrin  content  in  the  drawn  blood 
may  easily  be  below  the  true  value  unless  samples  collected  with  a 
sufficient  blood  flow  are  used  for  the  assay. 
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The  fact  that  the  earher  adrenal  specimens  usually  have  a 
smaller  concentration  than  the  later  ones,  associated  with  gradual 
decUne  in  the  rate  of  blood  flow,  indicates  that  the  cause  of  the 
smaller  output  per  minute  estimated  on  intestine  and  uterus 
segments  in  shed  adrenal  blood,  as  compared  with  the  output 
determined  by  the  eye  and  blood  pressure  reactions  without 
drawing  blood,  is  not  the  loss  of  epinephrin  withdrawn  from  the 
circulation.  For  the  effect  of  epinephrin  already  circulating 
in  the  blood,  if  any  appreciable  amount  at  all  were  present  in  the 
general  blood,  ought  to  be  most  marked  in  the  first  specimens. 

In  two  experiments  (cats  85  and  86,  tables  1  and  2)  the  epi- 
nephrin output  was  estimated  both  by  the  eye  reactions  and  in 
the  drawn  adrenal  blood  by  the  rabbit  segments.  In  cat  85, 
in  which  the  output,  as  determined  by  the  eye  reactions,  was  of 
fair  average  magnitude,  0.001  mgm.  per  minute,  the  adrenal 
blood  assays  yielded  values  not  very  far  inferior,  namely,  0.0008 
and  0.0007  mgm.  in  two  samples.  The  bloody  flows,  while  the 
adrenal  samples  were  being  collected,  were  fairly  good;  although 
probably  below  the  flow  while  the  eye  reactions  were  being 
observed.  In  cat  86,  on  the  other  hand,  in  which  the  output 
as  determined  by  the  eye  reactions,  was  very  good,  0.002  mgm. 
per  minute,  the  deficiency  in  the  assays  of  the  adrenal  blood  on 
the  intestine  segments  wa^  very  considerable;  and  the  blood 
flow  during  collection  of  the  samples  was  rather  poor — probably 
much  less  than  during  the  testing  by  the  eye  reactions.  It  is 
obvious,  then,  that  if  the  question  whether  the  output  in  an 
animal  is  below  the  normal  range  or  not  is  being  considered,  it 
will  not  do  to  compare  assays  made  by  the  one  method  with 
assays  made  by  the  other;  at  any  rate,  unless  the  differences 
are  considerable.  Fortunately  for  our  purpose,  the  reduction 
in  the  epinephrin  output  by  section  of  the  adrenal  nerves  is  so 
enormous  that  it  makes  not  the  shghtest  difference  whether  we 
compare  the  residual  liberation  with  normal  values  obtained  by 
the  eye  (and  blood  pressure)  reactions  or  by  the  rabbit  segments. 

Before  proceeding  to  the  consideration  of  the  experiments,  it 
may  be  well  to  point  out  that  as  regards  the  question  of  a  residual 
secretion  of  epinephrin  by  the  adrenals  after  all  the  secretory 
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nerve  fibers  have  been  etit,  as  far  as  is  possible,  negative  results 
are  much  more  important  than  positive  ones,  always  provided 
that  the  negative  results  have  been  obtained  on  test  objects 
of  the  highest  degree  of  sensitiveness.  For  while  the  course  of 
the  bulk  of  the  secretory  fibers  has  been  ascertained,  and  they 
can  be  easily  severed,  it  is  impossible  to  be  sure  in  any  given 
operation  that  some  have  not  escaped.2 

Apart  from  the  surgical  risks,  it  is.  undesirable  in  acute  experiments 
to  go  around  the  glands  with  an  instrument,  since  not  only  is  the 
lymph  flow  thus  necessarily  interfered  with,  but  the  chance  of  causing 
liberation  of  epinephrin  by  massage  is  great.  Even  then  it  would  be 
impossible  to  be  sure  that  some  of  the  fibers  in  question  did  not  pass  in 
along  the  blood  vessels.  In  survival  experiments,  although  the  effect 
of  massage  would  introduce  no  error,  the  glands  would  be  Hable  to  be 
affected  by  adhesions  as  well  as  by  interference  with  the  lymphatics,  if 
the  tissues  in  their  immediate  neighborhood  were  freely  divided. 

Another  reason  why  experimJents  yielding  well  determined  negative 
results  with  very  sensitive  test  objects  must  for  our  problem  carry 
greater  weight  than  experiments  in  which  small  quantities  of  epinephrin 
are  still  found  in  the  adrenal  blood,  even  after  extensive  nerve  sections, 
is  that  the  necessary  manipulations  in  obtaining  the  blood,  the  exposure 
of  the  glands  and  the  possible  disturbance  of  the  circulation  in  them,, 
might  cause  a  small  amount  of  the  epinephrin,  known  to  be  present  in 
the  glands  in  not  less  than  normal  amount,  to  escape  into  the  blood. 
This  remark  is  not  intended  to  imply  that  when  due  precautions  are 
taken,  it  is  difficult  to  avoid  the  liberation  of  epinephrin  in  appreciable 
amounts  in  the  absence  of  the  secretory  nerves.  On  the  contrary,  we 
have  never  had  any  reason  to  suspect  that  when  epinephrin  was  found 
in  any  of  the  adrenal  blood  samples,  except  perhaps'  in  the  first  small 
sample,  it  had  not  been  hberated  m  the  normal  way.  Even  in  the 
preliminary  sample,  always  collected  apart  with  the  object  of  allowing 
any  epinephrin  already  present  in  the  adrenal  capillaries  or  in  the  cava 
pocket  itself  to  be  washed  out,  and  which  not  quite  accurately  we  fell 

2  Elliott,  Journ.  Physiol.,  1912,  xliv,  374,  has  shown  that  section  of  the.p^e-. 
ganglionic  fibers  of  the  semilunar  ganglion,  including  the  splanchnics,  prevents 
exhaustion  of  the  store  of  epinephrin  under  the  influence  of  various  condition's. 
He  made  no  experiments  on  the  question  whether  after  this  operation  the  libera- 
tion of  epinephrin  is  suppressed,  and'  assumes,  indeed,  that  "ultimately"  it  is 
resumed,  since  "the  decentralized  gland  suffices  to  keep  the  animal  alive." 
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into  the  habit  of  speaking  of  as  the  "manipulation  sample,"  we  gener- 
ally found  no  more  epinephrin  than  in  succeeding  samples;  sometimes, 
indeed,  less,  on  account  of  a  certain  amount  of  ordinary  cava  blood 
being  retained  in  the  pocket  as  it  was  being  closed  off. 

It  may  be  further  remarked  that  as  between  the  acute  and 
the  survival  experiments  greater  weight  should  be  attached  to 
the  latter,  when  the  absolute  amount  of  any  residual  epinephrin 
liberation  is  in  question.  The  acute  experiments  were  made 
mainly  to  get  a  general  idea  of  the  inmiediate  diminution  in  the 
rate  of  liberation  when  the  nerves  were  severed.  It  was  desired 
also  to  see  the  effect  of  piece-meal  sectioning  of  the  nerve  supply. 
It  was  recognized,  however,  that  although  a  marked  immediate 
diminution  in  the  output  was  to  be  looked  for,  the  full  effect 
might  not  be  expressed  in  the  epinephrin  content  of  the  adrenal 
vein  blood  collected  during  a  short  experiment.  Apart  alto- 
gether from  the  possibility  that  some  irritation  of  the  cut  nerves 
might  persist,  there  was  the  possibility  that  epinephrin  already 
in  the  adrenal  capillaries  might  continue  to  be  washed  out  in 
small  quantities  for  some  time;  or  even  that  a  certain  amount  of 
epinephrin  not  yet  actually  in  the  blood  might  be  in  such  a 
situation,  or  perhaps  in  such  a  combination,  at  the  moment  of 
section  of  the  nerves  that  it  could  migrate  into  the  blood  stream 
in  the  next  few  minutes  without  the  influence  of  nerves. 

Finally,  it  must  not  be  forgotten  that  minor  differences  in  the  inner- 
vation may  occur  in  different  individuals,  so  that  a  nerve  section  which 
in  one  cat  brings  the  epinephrin  output  below  the  threshold  of  detect- 
abiUty,  say  by  the  eye  reactions,  need  not  do  so  in  the  case  of  another 
cat.  We  have  given  illustrations  of  this  in  a  previous  paper  (2).  In 
this  question  there  is  involved,  of  course,  not  merely  the  possibility  of 
sHght  anatomical  variations;  but  also  the  known  variabiUty  in  sensitive- 
ness of  the  test  objects,  and  the  degree  of  activity  of  the  gland  at  the 
moment  of  section  of  the  nerves.  If  a  relatively  large  liberation  were 
going  on  at  that  moment  it  is  conceivable  that  a  small  number  of  fibers 
remaining  uncut  might  sustain  a  detectable  output,  whereas  with  a 
gland  less  responsive  to  its  innervation  the  same  fraction  of  the  total 
number  of  fibers  might  be  unable  to  do  so.  The  possibility  must  also 
be  taken  into  account  that  a  small  strand  might  be  overlooked  in  one 
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operation  which  was  cut  in  another,  a  risk,  of  course,  present  especially 
in  the  survival  experiments  where  aseptic  operations  had  to  be  per- 
formed, although  the  large  number  of  times  the  main  operation  had 
been  previously  done  greatly  reduced  this  risk.  The  remarkable 
agreement  in  the  general  result  of  the  survival  experiments  shows  that 
any  variation  due  to  this  factor  cannot  have  been  great. 

ACUTE  EXPERIMENTS 

Three  such  experiments  were  made  on  cats  and  two  on  dogs. 
The  nerve  supply  of  the  adrenals,  at  least  the  path  of  the  fibers 
whose  section  protects  the  epinephrin  store,  and  of  those  whose 
stimulation  increases  the  epinephrin  Hberation,  has  been  more 
completely  studied  in  the  cat  than  in  the  dog.  The  experiments 
on  cats  are  therefore  more  valuable  for  the  determination  of  the 
question  how  far  a  complete  section  of  the  nerves  affects  the  rate 
of  liberation. 

Experiment    1.    Condensed  protocol.    Cat.    Weight,  2.7  kgm. 
10.30  a.m.    3  grams  urethane. 

12.05  p.m.  ■  Collected  specimen  of  jugular  blood;  tied  off  cava  pocket, 

also  renal,  coeliac  and  mesenteric  arteries. 
12.55  p.m.    Began  collection  of  adrenal  samples  as  follows: 


NUMBER  OF  ADRENAL 
SPECIMEN 

BLOOD  COLLECTED 

TIME  OF  COLLECTION 

BLOOD  FLOW  PER 
MINUTE 

grams 

minutes 

seconds 

grams 

1 

3.0 

2 

43' 

1.1 

2 

2.5 

3 

25 

0.73 

3 

2.7 

3 

25 

0.79 

4 

1.8 

7 

0.26 

Both  sympathetics  in  the  thorax  were  cut  at  the  end  of  collection  of 
the  second  blood  specimen  just  at  the  origin  of  the  splanchnics  below 
the  thirteenth  rib.  The  nerves  had  been  isolated  on  loose  Hgatures 
before  collection  of  adrenal  blood  was  begun.  Combined  weight  of 
adrenals,  0.392  gram. 


It  is  evident  from  figure  1,  that  the  first  adrenal  blood  specimen 
(observation  3),  collected  before  section  of  the  sympathetics, 
contained  a  much  greater  concentration  of  epinephrin  than  the 
fourth  specimen  (observation  7),  collected  after  the  section. 


10 


G.  N,  STEWART  AND  J.  M.  ROGOFF 


The  same  thing  was  shown  by  comparison  of  the  second  specimen 
(collected  before  the  nerve  section)  with  the  third  specimen 
collected  immediately  after  the  section.  As  this  experiment 
was  intended  to  be  mainly  a  prehminary  quahtative  one,  no 
very  exact  assay  of  the  epinephrin  concentration  was  made 
on  the  mtestme  segments.  However,  it  was  found  that  even  the 
fourth  sample,  which  on  account  of  the  slow  flow  would  normaUy 
have  been  rich  in  epinephrin,  had  a  concentration  much  less 


Fig.  1.  Intestine  Tracings.    Bloods  from  Cat  Anesthetized  with  Urethane 

At  £  Ringer  was  replaced  by  indifferent  (jugular)  blood;  and  this  at  3  by  the 
first  adrenal  blood  specimen  (collected  before  section  of  sympathetics).  At  6 
Ringer  was  replaced  by  jugular  blood  and  this  at  7  by  the  fourth  adrenal  speci- 
men (collected  after  section  of  the  sympathetics).  All  the  bloods  were  diluted 
with  an  equal  volume  of  Ringer.  As  in  all  the  figures,  time  is  marked  in  half 
minutes.    (Reduced  to  one-half.) 

than  1 : 24,000,000,  and  that  the  rate  of  liberation  of  epinephrin 
per  minute  after  section  of  the  nerves  must  have  been  much  less 
than  one-thirtieth  of  its  original  amount. 

Experiment  1  accordingly  shows  that  section  of  the  two 
sympathetic  trunks  at  the  origin  of  the  major  splanchnics  re- 
duced to  a  small  fraction  of  its  previous  amount  the  output  of 
epinephrin,  which,  however,  was  not  abolished. 
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Experiment  2.    Condensed   protocol.    Cat.   Weight,  2.64  kgm. 
Left  superior  cervical  gangUoji  excised  eighteen  days  before  experiment. 
Condition  excellent. 
11.00  a.m.    4  grams  urethane. 

12.45  p.m.    Obtained  jugular  blood.    From  1.00  p.m.  to  1.25  p.m., 

completed  cava  pocket,  tying  abdominal  aorta  below 
renal  arteries. 


DURATION  OF 

PUPIL  DILATATION 

NICTITATING  MEM- 

TIME 

POCKET 

AFTER 

BRANE 

minutes 

seconds 

seconds 

seconds 

1.30 

Pocket  experiment.. 

1 

■XT  _   J  OA 

Very  good,  o.4 

;  Very  good,  d.4 

Nerves  coming  to 

I 

both  semilunar 

ganglia  cut 

No-' 

1.50 

Pocket  experiment. . 

1 

10 

No 

1.53 

:   Pocket  experiment. . 

2 

10 

'  .  "c.'Wo 

Slight^  11 

2.04 

.   Both  semilunar  gan- 

glia excised  

2.10 

Pocket  experiment. . 

4 

Small,  10.2 

'     Small,  10.2 

2.20 

Lumbar  sympathet- 

ic cut  below  dia- 

phragm  

2.40 

Pocket  experiment. . 

4 

Small,  18.6 

Small 

2.51 

'   Cut  sympathetic 

trunks  in  thorax  at 

origin  of  splanch- 

nics  

2.55 

Pocket  experiment. . 

4 

30 

No 

Slight 

3.10 

Pocket  experiment. . 

4 

30 

Very  slight  20.4 

Very  slight,  20.4 

3.13  p.m.  Began  collection  of  adrenal  blood  from  pocket.  Flow 
very  slow.  During  fifteen  minutes  only  about  0.5  cc.  collected.  Then 
clotting  occurred  and  by  removing  the  clots  from  time  to  time  another 
0.5  cc.  was  obtained. 


This  experiment  shows  that  after  section  of  the  pregangHonic 
fibers  coming  to  the  semilunar  ganglion  on  both  sides,  slight 
eye  reactions  for  epinephrin  were  still  obtained.  But  even 
with  a  longer  time  of  collection  of  blood  in  the  cava  pocket  the 
reactions  were  much  reduced.  That  is  to  say,  the  rate  of  libera- 
tion of  epinephrin  was  markedly  diminished.  After  excision  of 
both  semilunar  ganglia  and  consequent  division  of  any  strands 


12 


G.  N.  STEWART  AND  J.  M.  ROGOFF 


which  might  have  escaped  section  before,  the  time  of  collection 
had  to  be  still  further  increased  to  give  a  noticeable  reaction. 
Section  of  the  lumbar  sympathetic  chain,  one  ganghon  below 
the  diaphragm,  caused  no  further  alteration  in  the  reaction. 
When  both  sympathetics  were  now  divided  in  the  thorax,  a 
very  slight  eye  reaction  was  still  elicited  with  a  long  period'  of 
collection. 


Fig.  2.  Intestine  Tracings.  Bloods  from  Cat  Anesthetized  with  Urethane 

At  7  Ringer  was  replaced  by  jugular  blood,  and  this  at  8  by  an  adrenal  blood 
specimen  collected  with  very  slow  blood  flow  after  section  of  nerves  to  both  semi- 
lunar ganglia  and  section  of  sympathetics  in  thorax.  At  11  Ringer  was  replaced 
by  jugular  blood,  and  this  at  12  by  blood  containing  1 : 1,600,000  added  adrenalin. 
All  the  bloods  were  diluted  with  three  volumes  Ringer  before  application  to  the 
segments.    (Reduced  to  two-thirds.) 

A  sample  of  blood  obtained  from  the  cava  pocket  after  section 
of  all  these  nerves  contained  much  less  than  1  :  1,660,000  of 
epinephrin  (fig.  2).  The  adrenalin  assay  on  intestine  segments 
showed  further  that  the  concentration  in  this  blood  was  less 
than  1:3,300,000,  but  more  than  1:5,000,000.  The  flow  was 
very  slow  when  the  blood  was  being  collected,  doubtless  much 
slower  than  when  the  eye  observations  were  being  made.  In  the 
cat  with  intact  nerves,  a  considerably  greater  concentration 
would  be  expected  with  such  a  small  flow.    Even  if  none  of  the 
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epinephrin  in  the  blood  was  due  to  "manipulation,"  the  rate  of 
liberation  must  have  been  reduced  by  the  nerve  section,  probably 
to  one-fiftieth  of  its  normal  amount,  as  estimated  on  intestine 
segments.  The  rate  of  hberation  per  minute  does  not  vary 
much  in  the  course  of  an  experiment,  even  when  the  blood  flow 
diminishes,  so  long  as  the  concentration  is  well  below  the  possible 
maximum,  as  in  this  case,  increased  concentration  compensating 
for  lessened  flow. 

Experiment  3.    Condensed   protocol.    Cat.    Weight,    1.41  kgm. 
Left  superior  cervical  ganglion  excised  three  weeks  before  the  experi- 
ment.   Condition  excellent. 
11.20  a.m.    3  grams  urethane. 

12.45  p.m.    Inserted  tracheal  cannula  and  made  cava  pocket,  tjdng 
off  renal  arteries  and  abdominal  aorta  below  renals. 
.  The  left  nictitating  was  retracted,   and  nictitating 
reactions  could  not  be  used. 


TIME 

DtTBATION  OF  POCKET 

PUPIL  DILATATION 
AFTER 

minutes 

seconds 

seconds 

1.20 

Pocket  experiment  

1 

Good  6.8 

1.22 

Pocket  experiment  with  left  ad- 

renal vein  clipped  

2 

Good  7.4* 

1.30 

Right  sympathetic  in  thorax  cut 

at  origin  of  splanchnic 

1.37 

Pocket  experiment;  left  adrenal 

vein  clipped  

2 

No 

1.42 

Left  sympathetic  cut  in  thorax 

one  ganglion  above  splanchnic 

origin. 

1.43 

Pocket  experiment  

2 

No 

1.46 

Pocket  experiment  

3 

10 

No 

Inserted  cannula  into  right  iliac  vein,  and  collected  adrenal  blood: 
First  specimen,  1  gram  in  16.5  minutes  (0.06  gram  per  minute) ;  second 
specimen,  1.4  grams  in  35  minutes  (0.04  gram  per  minute).  The  blood 
flow  was  very  slow.  While  these  specimens  were  being  collected,  a 
specimen  of  jugular  blood  was  obtained.  After  collection  of  the 
adrenal  blood  a  specimen  of  arterial  blood  was  got  from  the  abdominal 
aorta,  with  the  cava  pocket  still  closed.  Combined  weight  of  adrenals, 
0.31  gram. 
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In  this  experiment,  the  eye  reaction  could  no  longer  be  eUcited 
after  section  of  both  sympathetic  trunks,  including  the  major 
and  minor  splanchnics  in  the  thorax.    Adrenal  vein  blood 
collected  after  the  nerves  had  been  severed  showed  a  concen- 
tration of  epinephi'in  by  rabbit  intestine  segment  tests  of  not 
more  than  1: 1,500,000.    As  the  flow  was  extremely  slow  (0.05 
gram  per  minute,  or  one-twentieth  of  an  ordinary  flow),  the 
relatively  high  rate  of  concentration  is  what  would  be  expected 
so  long  as  any  appreciable  amount  of  epinephrin  was  being  given 
off.    The  rate  of  liberation,  however,  after  the  nerve  section 
was  only  one-tenth  to  one-twentieth  of  the  normal  rate  (about 
0.00003  mgm.  per  minute,  or  0.00002  mgm.  per  kilo  per  minute) 
(see  table  2) .    The  epinephrin  assay  in  this  experiment  was  not 
entirely  satisfactory,  because  there  was  reason  to  beheve  from 
the  uterus  tests  that  a  part,  of  the  inhibition  of  the  intestine 
segment  was  due  to  some  other  substance  than  epinephrin.  It 
is  known  that  sometimes  in  asphyxia  such  a  substance  appears 
in  venous  blood,  and  even  in  arterial  blood;  and  its  appearance 
in  this  experiment  might  have  been  associated  with  the  very 
small  blood  flow  at  the  time  of  collection  of  the  adrenal  specimens. 
If  this  was  the  case  the  reduction  in  the  rate  of  epinephrin  output 
must  have  been  even  greater  than  the  calculated  reduction.  On 
the  other  hand,  since  as  ah-eady  pointed  out  there  is  a  limit  of 
epinephrin  concentration  not  very  far  above  that  found  in  the 
adrenal  blood  in  this  case,  and  which  is  never  exceeded  in  our 
experience  no  matter  how  small  the  rate  of  blood  flow  may  be, 
the  question  may  fairly  be  asked  whether  with  extremely  small 
flows  it  is  legitimate  to  assume  that  the  gland  is  hberating  as 
much  epinephrin  in  response  to  the  residual  innervation  as  it 
would  have  done  had  the  flow  been  larger.    As  regards  our  main 
conclusion,  however,  this  objection  has  no  weight.    For  not  only 
were  the  pupil  reactions  abolished  in  this  experiment  by  the 
nerve  sections  at  a  time  when  the  blood  flow  was  good,  although 
quite  strongly  eUcited  before  the  nerves  were  cut;  but  what  is 
more  important  exceedingly  small  blood  flows  were  found  associ- 
ated in  some  of  the  survival  experiments  either  with  remarkably 
low  concentrations  of  epinephrin,  as  determined  by  the  segment 


LIBERATION  OF  EPINEPHRIN  FROM  THE  ADRENALS  15 


tests,  or  with  a  complete  absence  of  epinephrin  in  detectable 
amount. 

Although  there  was  no  reason  to  assume  that  the  small  residual 
output  of  epinephrin  in  these  acute  experiments  was  due  to 
anything  else  than  some  small  uncut  remnant  of  nerve  fibers,  two 
acute  experiments  were  made  on  dogs  in  order  to  take  advantage 
of  the  larger  blood  flow  through  the  adrenals,  which  might  be 
expected  to  wash  out  more  thoroughly  any  epinephrin  already 
hberated  before  the  various  nerve  sections.  As  already  stated, 
however,  this  advantage  was  counterbalanced  by  the  less  pre- 
cise knowledge  of  the  nerve  paths  in  the  dog;  and  although  the 
nerve  sections  practiced  reduced  the  rate  of  hberation  of  epi-' 
nephrin  to  a  mere  fraction  of  its  initial  amount,  a  substantial 
residual  output  remained. 

Experiment  4-  Condensed  protocol.  Dog.  Weight,  7.75  kgm. 
Anesthetized  with  ether.  .v., , 

9.10  a.m.  Tracheal  cannula  inserted.  '^Specimen  of  jugular  blood 
obtairied.  Right  adrenal  gland  excised.  Cava  pocket 
made  with  a  cannula  in  each  iUac  vein.  The  following 
specimens  of  adrenal  blood  were  obtained  through  the 
right  iliac  cannula:  First  adrenal  specimen,  5  grams  in 
1  minute,  30  seconds  (3.4  grams  per  minute);  second 
specimen,  7.2  grams  in  2  minutes,  16  seconds  (3.2  grams 
per  minute) . 

10.15  a.m.  Cut  left  major  and  minor  splanchnics  in  abdomen; dis- 
sected around  left  adrenal,  cutting  nerve  connections; 
excised  three  lumbar  sympathetic  gangha,  including 
chain  from  diaphragm  downward.  Then  collected 
through  left  iliac  cannula  the  following  adrenal  blood 
specimens:  Thud  adrenal  specimen,  4.3  grams  in  5 
minutes,  10  seconds  (0.8  gram  per  minute);  fourth 
specimen,  3.0  grams  in  6  minutes,  30  seconds  (0.5  gram 
per  minute).  Pulled  out  clot  from  cannula  and  flow 
improved.  Collected  the  following  specimens:  Fifth 
adrenal  specimen,  5.0  grams  in  4  minutes,  10  seconds 
(1.2  grams  per  minute);  sixth  specimen  (6.5  grams 
in  6  minutes  (1.1  grams  per  minute);  seventh  specimen, 
4.5  grams  in  4  minutes  (1.1  grams  per  minute);  eighth 
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specimen,  3.5  grams  in  4  minutes,  30  seconds  (0.9  gram 
per  mmute).  During  the  latter  part  of  the  collection 
of  the  eighth  specimen,  the  left  sympathetic  was  cut  in 
the  thorax  at  origin  of  the  splanchnics.  The  following 
adrenal  blood  specimens  were  then  collected:  Ninth 
specimen,  4.8  grams  in  4  minutes,  30  seconds  (1.1  grams 
per  minute);  tenth  specimen,  3.8  grams  in  8  minutes 
(0.5  gram  per  minute).  Arterial  blood  was  now  ob- 
tained from  the  abdominal  aorta,  the  cava  pocket 
being  still  closed  off. 

The  rabbit  segment  tests  showed  that  the  concentration  of 
epinephrin  in  the  adrenal  blood  collected  before  the  nerve 


Fig.  3.  Intestine  Tracings.    Bloods  from  Dog  Anesthetized  with  Ether, 

AND  with  Right  Adrenal  Excised 

At  4  Ringer  was  replaced  by  indifferent  (jugular)  blood,  and  this  at  5  by  the 
second  adrenal  specimen  (collected  before  section  of  nerves).  At  6  Ringer  was 
replaced  by  jugular  blood,  and  this  at  7  by  the  sixth  adrenal  specimen  (collected 
after  denervation  of  the  left  adrenal).  The  bloods  were  diluted  with  an  equal 
volume  of  Ringer.    (Reduced  to  two-thirds.) 

sections  was  decidedly  greater  than  in  the  blood  collected  after 
the  nerve  sections  (figs.  3  to  5).  Some  of  the  tracings  taken 
for  assaying  the  amount  of  epinepKrin  in  adrenal  samples  before 
and  after  division  of  the  nerves  are  reproduced  in  figures  4  and  5. 
The  concentration  in  the  second  sample  (fig.  3,  observation  5) 
is  less  than  1 : 5,000,000,  much  greater  than  1 : 20,000,000,  and 
not  far  from  1:7,000,000  (fig.  4,  observations  9,  11,  15).  A 
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4.  Intestine  Tracings.    Bloods  from  Same  Dog  as  in  Figure  3 


At  8  Ringer  was  replaced  by  jugular  blood  diluted  with  an  equal  volume  of 
Ringer,  and  this  at  9  by  jugular  blood  made  up  to  1:  5,000,000  adrenahn,  and 
then  diluted  with  an  equal  volume  of  Ringer.  At  10  and  H  Rmger  was  replaced 
by  jugular  blood  diluted  with  an  equal  volume  of  Ringer  and  this  at  11  and  15, 
respectively,  by  jugular  blood  made  up  to  1 :  20,000,000  adrenalin,  and  to  1 :  7,000,- 
000  adrenalin,  and  then  diluted  with  an  equal  volume  of  Ringer.  (Reduced  to 
two-thirds.) 
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Fig.  5.  Uterus  Tracings.    Bloods  from  Same  Dog  as  Used  in  Figures  3  aND  4 

At  SI  Ringer  was  replaced  by  indifferent  (arterial)  blood,  at  32  by  the  second 
adrenal  specimen  (collected  before  section  of  nerves) ;  at  33  by  the  sixth  adrenal 
specimen  (collected  after  section  of  nerves).  These  bloods  were  undiluted. 
At  49  Ringer  was  replaced  by  the  tenth  adrenal  specimen  (collected  after  section 
of  the  nerves).  The  blood  was  diluted  with  an  equal  volume  of  Ringer.  At  50 
Ringer  was  replaced  by  jugular  blood  to  which  was  added  adrenalin  to  make  up 
1 :  10,000,000,  and  the  blood  then  diluted  with  an  equal  volume  of  Ringer.  At 
62  Ringer  was  replaced  by  jugular  blood  to  which  was  added  adrenalin  to  make 
up  1 :  20,000,000,  the  blood  being  then  diluted  with  an  equal  volume  of  Ringer. 
(Reduced  to  one-half.) 
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test  made  with  the  second  adrenal  sample  immediately  after 
observation  15  gave  a  curve  more  nearly  resembling  that  of 
observation  15,  but  showing  shghtly  smaller  inhibition  of  the 
intestine.  The  sixth  adrenal  sample  contained  obviously  much 
less  than  1 :  7,000,000  epinephrin.  Another  observation  on  the 
intestine,  not  reproduced,  showed  that  the  concentration  in  this 
sample  was  greatly  inferior  to  1:10,000,000.  Observation  11 
(fig.  4)  indicates  that  the  concentration  in  the  sixth  sample  was 
not  far  from  1 :  20,000,000.  This  was  confirmed  on  the  uterus. 
Observation  49  (fig.  5),  indicates  that  the  effect  of  the  tenth 
adrenal  sample  was  much  less  than  1 : 10,000,000  adrenalin 
(observation  50),  and  not  very  different  from  1:20,000,000 
(observation  52),  On  the  intestine  it  was  shown,  on  tracings 
not  reproduced,  that  the  tenth  sample  caused  a  shghtly  greater 
inhibition  than  the  sixth  sample,  and  this  was  corroborated  by 
uterus  tracings.  The  rate  of  flow  when  the  second  sample  was 
being  collected  was  about  three  times  as  great  as  during  collection 
of  the  sixth  sample.  The  concentration  of  the  sixth  sample 
being  approximately  one-third  that  of  the  second,  the  rate  of. 
liberation  of  epinephrin  per  minute  must  have  been  reduced  at 
least  to  one-ninth  of  its  original  value  in  consequence  of  the  nerve 
sections.  It  must  be  remembered  that  the  minute-output  of 
epinephrin  is  that  due  to  one  adrenal  only.  The  concentration, 
however,  would  not  be  affected  by  this  circumstance,  since  one 
adrenal  having  been  excised,  the  blood  flowing  into  the  cava 
pocket  was  of  course  correspondingly  reduced. 

It  may  appear  somewhat  surprising  that  in  spite  of  the  drastic 
procedure  adopted  to  sever  the  secretory  nerves  of  the  left 
adrenal,  the  rate  of  hberation  of  epinephrin  was  still  a  substantial 
fraction  of  its  initial  value.  Subsequent  section  of  the  sympathet- 
ic trunk  in  the  thorax,  as  was  to  be  expected,  did  not  alter  this 
fraction  perceptibly.  It  is  quite  possible,  as  suggested  before, 
that  the  attempt  to  cut  fibers  close  to  the  adrenal  caused  such 
disturbance  in  the  gland  by  altering  the  circulation,  and  perhaps 
in  other  ways,  that  some  epinephrin  continued  to  be  discharged 
during  the  remainder  of  the  experiment  independently  of  the 
central  innervation. 
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In  the  next  experiment  disturbance  of  the  adrenal  was  avoided 
by  dividing  the  sympathetics  in  the  thorax  just  below  the 
twelfth  rib.  This  operation  at  once  reduced  the  rate  of  output, 
of  epinephrin  to  not  more  at  most  than  one-twelfth  of  its  initial, 
value.  That  the  residual  Uberation  was  sustained  in  the  same 
way  as  the  normal  initial  output,  that  is,  through  nerves  which 
had  escaped  section,  is  suggested  by  the  fact  that  after  section 
of  the  nerves  successive  specimens  of  adrenal  vein  blood  (and 
serum)  showed  the  same  progressive  increase  in  the  concentra- 
tion of  epinephrin  as  before  the  section.  The  reduced  rate  of 
Hberation  per  minute  therefore  remained  practically  independent 
of  the  rate  of  blood  flow,  just  as  the  original  rate  did  before 
the  nerve  section,  the  concentration  varying  approximately  in  the 
inverse  ratio  of  the  blood  flow. 

Experiment  5.  Condensed  protocol.  Dog.  Weight,  18.35  kgm. 
Anesthetized  with  ether. 

10.40  a.m.    Tracheal  and  jugular  cannulae  inserted. 

10.50  a.m.  Obtained  jugular  blood.  Cava  pocket  made,  and  cannula 
inserted  in  the  right  iliac  vein.  The  following  specimens 
of  adrenal  blood  were  collected:  First  specimen,  36.2 
grams  (time  record  lost) ;  second  specimen,  30  grams  in 
1  minute,  10  seconds  (26.1  grams  per  minute);  third 
specimen,  26.0  grams,  in  1  minute,  20  seconds  (19.5 
grams  per  minute).  Cut  both  sympathetics  in  thorax 
one  ganglion  above  origin  of  splanchnic.  Collected 
the  following  specimens  of  adrenal  blood:  Fourth 
specimen  and  fifth  specimen  not  satisfactorily  collected; 
sixth  specimen,  22  grams  in  1  minute,  37  seconds  (13.6 
grams  per  minute);  seventh  specimen,  33  grams  in  2 
minutes,  25  seconds  (13.2  grams  per  minute).  Com- 
bined weight  of  adrenals,  1.480  grams.  The  bloods  were 
centrifuged  and  the  sera  tested  on  rabbit  Segments. 

Of  the  numerous  observations  made  to  assay  the  epinephrin 
content  of  the  sera  only  four  are  reproduced  (figs.  6  and  7) 
Figure  6  shows  that  the  third  adrenal  sample  taken  just  before 
section  of  the  nerves  had  a  much  greater  concentration  of  epi- 
nephrm  than  the  sixth  sample,  collected  after  the  nerve  section 
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Fig.  6.  Bloods  fkom  Dog  Anesthetized  with  Ether 

At  5,  Ringer  was  replaced  by  the  serum  of  jugular  blood,  and  this  at  6  by  the 
serum  of  the  sixth  adrenal  blood  specimen  (collected  after  section  of  the  sym- 
pathetics  in  the  thorax).  At  15  Ringer  was  replaced  by  the  serum  of  jugular  blood, 
and  this  at  16  by  the  serum  of  the  third  adrenal  specimen  (collected  before  section 
of  the  sympathetics).  All  the  sera  were  diluted  with  an  equal  volume  of  Ringer. 
(Reduced  to  one-half.) 


Fig.  7.  Intestine  Tracings.  Bloods  from  Same  Dog  as  Used  in  Figure  6 
At  11  Ringer  was  replaced  by  serum  of  jugular  blood,  and  this  at  12  by  serum  of 
jugular  blood  to  which  had  been  added  adrenalin  to  make  up  1:  3,000,000.  At 
19  Ringer  was  replaced  by  serum  of  jugular  blood;  and  this  at  20  by  serum  of 
jugular  blood  to  which  had  been  added  adrenalin  to  make  up  1 :  20,000,000.  All 
the  sera  were  diluted  with  an  equal  volume  of  Ringer.  The  concentrations  of 
adrenalin  given  are  the  concentrations  in  the  serum  before  this  dilution.  (Re- 
duced to  one-half.) 


LIBERATION  OF  EPINEPHRIN  FROM  THE  ADRENALS 


Observation  12  (fig.  7)  indicates  that  the  concentration  in  the 
serum  of  the  third  sample  was  decidedly  gi'eater  than  1 :  3,000,000. 
The  concentration  in  the  serum  of  the  sixth  sample  was  somewhat 
greater  than  1:20,000,000  (observation  20).  Other  observa- 
tions with  various  concentrations  of  adrenahn  confirmed  the 
conclusion  that  the  concentration  in  the  sixth  sample  was  not 
far  from  one-eighth  of  that  in  the  third  sample.  The  rate  of 
flow  of  the  third  sample  was  approximately  in  the  ratio  of  3 :  2 
to  that  of  the  sixth.  Therefore,  the  rate  of  hberation  of  epi- 
nephrin  per  minute  was  diminished  to  about  one-twelfth  by  the 
nerve  section. 

The  results  of  the  acute  experiments  can  be  summed  up  in  a 
sentence.  In  none  of  them  have  we  failed  to  find  in  the  adrenal 
vein  blood  after  section  of  the  nerves  a  sufficient  concentration 
of  epinephrin  to  be  detected  by  the  rabbit  intestine  and  uterus 
segments  even  where  the  eye  reactions  were  negative.  In  all 
the  experiments  the  rate  of  liberation  was  reduced  by  the  nerve 
sections  to  a  small  fraction  of  the  normal  output. 

SURVIVAL  EXPERIMENTS 

Seven  of  these  are  recorded  here,  all  on  cats.  In  all  both 
eye  reactions  and  segments  tests  were  employed.  One  of  the 
animals  was  tested  8  days  after  the  nerve  section  (experi- 
ment 6) ;  two  after  16  and  15  days,  respectively  (experiments  7 
and  8) ;  one  after  3  weeks  (experiment  9) ;  and  three  after  15  weeks 
(experiments  10,  11  and  12).  In  all  the  animals  one  superior 
cervical  ganghon  was  removed  about  a  week  before  the  tests. 

Experiment   6.    Condensed    protocol.    Cat.    Weight,    2.0  kgm. 
Right  adrenal  gland  excised,  nerve  connections  to  left  semilunar 
ganglion  severed,  and  left  superior  cervical  ganglion  excised,  8  days 
before  the  experiment.    Condition  good. 
9.30  a.m.    3  grams  urethane. 

10.30  a.m.    Tracheal  cannula  inserted,  cava  pocket  made  with  cannula 

in  lower  end. 
11.10  a.m.    Sample  of  jugular  blood  obtained. 

11.25  a.m.    Pocket  experiment,  1  minute,  30  seconds,  no  pupil  or 
nictitating  reaction. 
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11.28  a.m.  Pocket  experiment,  2  minutes,  no  pupil  or  nictitating 
reaction. 

11.32  a.m.    Pocket  experiment,  3  minutes,  questionable  eye  reactions. 

11.37  a.m.  Pocket  experiment,  4  minutes,  pupil  and  nictitating  re- 
actions very  faint,  if  any. 

11.45  a.m.  Collected  adrenal  blood  specimens  as  follows:  First 
specimen,  1.7  grams  in  3  minutes  (0.57  gram  per  minute) ; 
second  specimen,  3.4  grams  in  7  minutes,  45  seconds 
(0.44  gram  per  minute);  third  specimen,  4.9  grams  in 
17  minutes  (0.29  gram  per  minute);  fourth  specimen, 
1.9  grams  in  11  minutes,  30  seconds  (0.16  gram  per 
minute).  Blood  obtained  from  abdominal  aorta  with 
cava  pocket  still  clipped  off.  Right  adrenal  weighed 
0.165  gram,  and  contained  0.22  mgm.  epinephrin.  Left 
adrenal  weighed  0.178  gram,  and  contained  0.27  mgm. 
epinephrin. 


Fig.  8.  Intestine  Tkacings.    Bloods  from  Cat  with  Right  Adrenal  Excised 

AND  Nerves  of  Left  Severed 
Anesthetized  with  urethane.  At  17  Ringer  was  replaced  by  indifferent  (arte- 
rial) blood,  and  this  at  18  by  the  first  adrenal  specimen.  At  19  Rmger  was  re- 
placed by  arterial  blood  and  this  at  20  by  the  second  adrenal  specimen.  At  »1 
Ringer  was  replaced  by  arterial  blood,  and  this  at  22  by  the  third  adrenal  speci- 
men. All  bloods  were  diluted  with  an  equal  volume  of  Ringer  before  being 
applied  to  the  segment.    (Reduced  to  three-fifths.) 
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The  eye  reactions  were  practically  negative.  The  segment 
tests  proved  that  the  concentration  of  epinephrin  in  the  adrenal 
blood  was  very  small  even  in  the  samples  with  the  slowest  blood 
flow.  A  few  of  the  numerous  tracings  taken  are  reproduced  in 
figures  8  and  9.  Comparison  of  observations  20  and  28  indicates 
that  the  concentration  in  the  second  adrenal  sample  was  not  more 


1  r    -r  r  T  r  T  I  t  1  f  t  t  r-t-  r  7  f  7         t  i  r  r  t  f- r^-  t— r  -r—t  r — r 


Fig.  9.  Intestine  Tbacings.    Bloods  from  Same  Cat  used  for  Figure  8 

At  BS  Ringer  was  replaced  by  arterial  blood,  and  this  at  U  by  arterial  blood 
containing  1 :  20,000,000  adrenalin.  At  25  Ringer  was  replaced  by  arterial  blood 
and  this  at  26  by  arterial  blood  containing  1 :  50,000,000  adrenalin.    At  27  Rineer 

mn'ri.?  ^'^'"^^  ^^^^"^1  containing  1 :  125  - 

000,000  adrenahn.  The  indifferent  (arterial)  bloods  were  diluted  with  an  equal 
volume  of  Ringer  and  after  addition  of  the  adrenalin  to  the  arterial  blood  to 
make  up  the  concentrations  named,  the  adrenalin  blood  was  also  diluted  with  an 
equal  volume  of  Ringer  before  application  to  the  segments.    (Reduced  toThree- 


than  1 : 125,000,000.  It  was  very  much  less  than  1 :  50,000  000 
(observation  26)^  The  intestine  segment  was  quite  sensitiv'e  to 
om  ^^^^f       blood  made  up  with  adrenalin  to  1:  50,- 

000,000,  the  mixture  being  then  diluted  with  its  own  volume  of 
T  «-g«^ent,  produced  an  effect 

of  ton  tI  T  "^T"^^^  diminution 
of  tone.    The  greater  effect  of  a  1:20,000,000  concentration 
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similarly  diluted  with  Ringer  (observation  24)  is  displayed 
simply  in  the  gi-eater  persistency  of  the  diminished  tone.  The 
third  sample  (observation  22)  had  a  concentration  of  less  than 
1 :  50,000,000,  probably  no  more  than  1 :  75,000,000.  The  rates 
of  flow  of  the  second  and  third  samples  were  in  the  ratio  of  3 :  2, 
or  approximately  in  the  inverse  ratio  of  the  concentrations.  It 
follows  that  the  rate  of  liberation  of  epinephrin  was  proceeding 
uniformly  diuing  the  collection  of  these  samples.  The  greater 
concentration  in  the  first  adrenal  sample  may  be  assumed  to  be 
due  to  a  small  amount  of  epinephrin,  the  liberation  of  which 
was  associated  with  the  necessary  manipulation  in  closing  off 
the  pocket.  This  would  tell  especially  when  the  genuine  output 
of  epinephrin  was  very  small,  as  in  this  experiment. 

The  uterus  tests  confirmed  the  conclusion  that  the  inhibition 
of  the  intestine  was  due  altogether  to  epinephrin. 

Taking  the  rate  of  flow  of  the  second  sample  as  0.43  cc.  per 
minute,  and  the  concentration  of  epinephrin  in  it  as  1 : 125,000,000, 
we  get  0.0000035  mgm.  per  minute  as  the  output  of  epinephrin 
from  the  one  adrenal,  i.e.,  0.000007  mgm.  for  the  two  adrenals 
(0.000003  mgm.  per  kilo  of  animal  per  minute).  This  is  at 
most  no  more  than  one-hundredth  of  the  normal  output  as  de- 
termined by  rabbit  segments  in  adrenal  blood  (table  2),  and  not 
more  than  one-two-hundredth  of  the  normal  output  as  determined 
by  the  eye  reactions  (table  1). 

Experiment  7.  Condensed  protocol.  Cat.  Weight,  2.75  kgm. 
The  right  adrenal  gland  was  excised  and  the  nerve  connections  to  the 
left  semilunar  gangUon  severed  2  weeks  before  the  experiment.  The 
left  superior  cervical  ganglion  was  excised  9  days  before  the  experiment. 
Condition  excellent. 
11.00  a.m.    4  grams  urethane. 

12.30  p.m.    Tracheal    cannula    inserted.    Jugular   blood  obtained. 

Cava  pocket  made. 
•  1.22  p.m.    Pocket  experiment,  2  minutes.    No  pupil  or  nictitating 

reactions. 

1.26  p.m.    Pocket  experiment,  3  minutes,  no  pupil  or  nictitating 
reactions. 
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130pm  Collected  the  following  adrenal  blood  specimens:  First 
specimen,  2.7  grams  in  1  minute,  30  seconds  (1.8  grams 
per  minute) ;  second  specimen,  5.7  grams  in  3  mmutes, 
30  seconds  (1.6  grams  per  minute};  third  specnnen 
7.4  grams  in  7  minutes  (1  gram  per  minute).  Blood 
obtained  from  abdominal  aorta.  Specific  gravity  of 
this  blood,  1028.  The  blood  pressure  during  collection 
of  the  adrenal  specimens  was  good.  Right  adrenal 
weighed,  0.110  gram,  -and  contained  0.08+  mgm. 
epinephrin.  Left  adrenal  weighed,  0.214  gram,  and 
contained  0.18  mgm.  epinephrin. 


Fig.  10.  Intestine  Tracings.    Bloods    from    Cat   with   Right  Adrenal 
Excised  and  Nerve  Connections  of  Left  Cut 

Anesthetized  with  urethane.  At  6  and  15  Ringer  was  replaced  by  indifferent 
(arterial)  blood,  and  this  at  6  and  16  by  the  second  and  third  adrenal  specimens, 
respectively.  The  bloods  were  all  diluted  with  an  equal  volume  of  Ringer  before 
application  to  the  segments.    (Reduced  to  one-half.)  ^  , 

The  eye  reactions  in  experiment  7  were  negative.  Some  speci- 
mens of  tracings  from  the  segments  tests  are  reproduced  in 
figures  10  and  11.  From  these  and  other  observations  on  the 
intestine  segments,  it  was  determined  that  the  second  adrenal 
blood  specimen  (observation  6)  was  weaker  than  1 :  30,000,000 
adrenalin  (observation  12),  much  weaker  than  1:15,000,000 
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(observation  10).  The  third  adrenal  specimen  (observation  16) 
had  a  greater  concentration  than  the  second,  corresponding  to 
the  lessened  blood  flow,  but  it  was  still  not  as  strong  as  1 :  30,000- 
000.  The  amount  of  epinephrin  liberated  per  minute  was  there- 
fore not  as  much  as  0.00003  mgm.  for  the  one  adrenal,  or  0.00006 
mgm.  for  both  glands  (0.00002  mgm.  per  kilo  of  animal  per 


Fig.  11.  Intestine  Tracings.    Bloods  from  Same  Cat  Used  for  Figure  10 

At  9  and  11  Ringer  was  replaced  by  arterial  blood,  and  this  at  10  and  12  by 
arterial  blood  to  which  had  been  added  adrenalin  to  make  up  1 :  15,000,000  and 
1 :  30,000,000,  respectively.  All  the  bloods  were  diluted  with  an  equal  volume  of 
Ringer  before  application  to  the  segment.  The  concentrations  of  adrenalin 
given  are  the  concentrations  in  the  blood  before  this  dilution.  (Reduced  to 
one-half.) 

minute),  i.e.,  not  one-tenth  of  the  normal  discharge,  as  deter- 
mined in  drawn  adrenal  blood  on  rabbit  segments,  and  not  more 
than  one-twentieth  to  one-thirtieth  of  the  amount  as  determined 
by  eye  reactions. 

The  next  two  experiments  of  the  survival  series  (experiments 
8  and  9)  yielded  absolutely  decisive  results. 

Experiment  8.  Condensed  protocol.  Cat.  Weight,  2.155  kgm. 
The  right  adrenal  was  excised  and  the  nerve  connections  to  the  left 
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semilunar  ganglion  severed  two  weeks  before  the  experiment.  The 
left  superior  cervical  ganglion  was  excised  one  week  before  the  experi- 
ment.   Condition  good. 
11.00  a.m.    4  grams  urethane. 

12.30  p.m.    Tracheal  cannula  inserted.    Cava  pocket  made. 
1.05  p.m.    Pocket  experiment,  45  seconds.    No  eye  reactions. 

1.07  p.m.  Pocket  experiment,  1  minute,  50  seconds.  No  eye  reactions. 
1.10  p.m.  Pocket  experiment,  3  minutes  30  seconds.  No  eye  reactions. 
1.20  p.m.    Injected  into  jugular  0.5  cc.  of  1  :  20,000,000  adrenalin. 

Very  good  pupil  and  nictitating  reactions. 

1.21p.m.  Injected  into  jugular,  1.0  cc.  of  1:20,000,000  adrenalin. 
Excellent  pupil  and  nictitating  reactions. 

1.25  a.m.  Injected  into  jugular  less  than  0.5  cc'  of  1:20,000,000 
adrenaHn.    Good  pupil  and  nictitating  reactions. 

1.30  p.m.  Inserted  cannula  in  lower  end  of  cava  pocket,  and  col- 
lected the  following  adrenal  blood  specimens:  First 
specimen,  2.0  grams  in  1  minute,  15  seconds  (1.6  grams 
per  minute);  second  specimen,  1.9  grams  in  1  minute, 
45  seconds  (1.1  grams  per  minute);  third  specimen, 
3.7  grams,  in  5  minutes,  10  seconds  (0.7  gram  per 
minute);  fourth  specimen,  2.8  grams  in  7  minutes  (0.4 
gram  per  minute).  Blood  obtained  from  jugular  vein 
and  also  from  abdominal  aorta,  while  the  cava  pocket 
was  still  shut  off  from  the  circulation. 

2.00  p.m.    Pocket  experiment,  2  minutes.    No  eye  reactions. 

2.03  p.m.  Pocket  experiment,  3  minutes,  30  seconds.  No  eye 
reactions. 

2.08  p.m.    Pocket  experiment,  5  minutes.    No  eye  reactions. 

2.20  p.m.  Injected  into  jugular  0.5  cc,  of  1:40,000,000  adrenalin. 
SUght  pupil  reaction  in  20.4  seconds. 

2.23  p.m.    Injected  into  jugular  0.5  cc,  of  1  :  40,000,000  adrenalin. 

SHght  pupil  reaction  in  30  seconds.  Capacity  of  cava 
pocket  slackly  filled,  0.64  gram.  The  arterial  blood 
contained  72  per  cent  of  serum  (by  hemaetocrit). 
Right  adrenal  weighed,  0.150  gram,  and  contained  0.25 
mgm.  epinephrin  (assayed  when  excised).  Left  adrenal 
weighed,  0.230  gram,  and  contained  0.24  mgm.  epi- 
nephrin (assayed  after  the  experiment). 

'It  was  intended  to  inject  0.5  cc,  but  it  did  not  wash  in  completely  with  the 
Kmger  s  solution  (about  1  cc.)  which  followed  the  injection. 
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The  eye  reactions  in  experiment  8  were  negative,  although  they 
could  be  ehcited  by  injection  of  0.00001  mgm.  of  adrenalin  into 
the  jugular  vein,  and  were  strongly  obtained  with  less  than 
0.000025  mgm.  Even  with  collection  in  the  pocket  for  5  minutes, 
no  eye  reactions  were  got,  i.e.,  not  even  0.000002  mgm.  epi- 
nephrin  per  minute  was  being  liberated  by  the  one  adrenal  (i.e. 
0.000002  mgm.  per  kilogram  of  body  weight  for  the  two  adrenals). 
This  is  not  more  than  one-three-hundredth  of  the  normal  out- 
put, as  estimated  by  eye  reactions. 

A  few  specimens  of  the  tracings  from  the  rabbit  intestine  and 
uterus  segment  tests  are  given  in  figures  12  to  15.  They  showed 
that  if  any  epinephrin  whatever  was  present  in  the  adrenal 
vein  blood,  which  waS'  not  certain,  it  could  only  have  existed  in 
a  concentration  already  almost  beyond  the  limit  of  detectability 
by  the  extremely  sensitive  intestine  and  uterus  segments  worked 
with.  For  example,  if  the  slight  dip  at  observation  21  (fig.  13) 
is  due  to  epinephrin,  and  not  merely  to  the  change  of  liquid 
around  the  preparation,  it  indicates  that  the  concentration  of 
epinephrin  in  the  third  adrenal  blood  specimen  could  not  have 
been  as  much  as  1:100,000,000  (observation  19).  That  with 
this  segment  a  slight  dip  in  the  curve  could  be  caused  by  the 
mere  change  of  the  blood  surrounding  the  segment  without  any 
epinephrin  being  present,  is  illustrated  in  observation  9  (fig.  12), 
where  arterial  blood  from  one  cat  replaced  arterial  blood  from 
another.  Observation  17  (fig.  12)  on  the  third  adrenal  sample 
reveals  no  definite  inhibition.  In  observation  11,  where  the 
first  adrenal  blood  replaced  indifferent  (arterial)  blood,  there  is 
only  a  slight  dip  and  a  delayed  increase  of  tone,  notwithstanding 
the  possibility  that  a  little  epinephrin  might  have  been  hberated 
into  this  sample  by  manipulation.  Even  the  serum  of  the  adrenal 
blood,  which,  as  has  been  previously  shown  (3),  is  richer  in  epi- 
nephrin than  the  blood  (containing,  indeed,  practically  the  whole 
of  it),  caused  no  definite  inhibition  of  the  intestine  segments 
(fig.  14,  observation  26),  while  1:60,000,000  adrenalin  in  in- 
different blood  produced  good  inhibition  (observation  29),  and 
the  effect  of  1 :  100,000,000  (observation  31)  was  distinct. 

On  uterus  segments,  it  was  shown  that  adrenaUn  in  the  con- 
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centration  of  1 : 200,000,000  (fig.  15,  observations  41  and  45) 
caused  a  much  greater  increase  of  tone  than  the  undiluted  serum 
of  the  fourth  adrenal  specimen,  notwithstanding  the  fact  that 
the  adrenaUn  was  made  up  in  an  indifferent  blood  diluted  with 


Fig.  12.  Intestine  Tracings.    Bloods  from  Cat  with  Right  Adrenal 
Excised  and  Nerves  of  Left  Cut 

Anesthetized  with  urethane.  At  8  Ringer  was  replaced  by  arterial  blood, 
and  this  at  9  by  the  same  arterial  blood.  At  10  Ringer  was  replaced  by  arterial 
blood,  and  this  at  11  by  the  first  adrenal  blood  specimen.  At  16  Ringer  was 
replaced  by  arterial  blood  and  this  at  17  by  the  third  adrenal  specimen.  All  the 
bloods  were  diluted  before  application  to  the  segment  with  two  volumes  Ringer; 
except  at  observations  16  and  17,  where  the  bloods  were  diluted  with  one  volume 
Ringer.    (Reduced  to  two-thirds.) 

its  own  volume  of  Ringer,  and  that  the  ordinary  serum  effect  on 
the  uterus  would  therefore  be  less  than  the  serum  effect  in  obser- 
vation 43.  The  indifferent  blood  in  this  dilution  (tracings  not  re- 
produced), and  also  the  adrenal  vein  blood  of  the  second  speci- 


30 


G.  N.  STEWART  AND  J.  M.  ROGOFF 


men  (observation  38)  similarly  diluted,  caused  a  much  smaller 
effect  on  the  uterus  segment  than  the  undiluted  serum  of  the 
fourth  adrenal  specimen,  and  also  a  smaller  effect  than  the 
mdifferent  blood  (diluted  with  one  volume  Ringer)  to  which 
adrenalm  in  the  concentration  of  1:  300,000,000  (observation  44) 
had  been  added.  It  is  probable  that  even  1 : 400,000,000  (ob- 
servation 42)  could  be  detected  by  this  segment. 

There  is  no  doubt,  then,  that  the  serum  of  the  fourth  adrenal 
specimen  contained  much  less  than  1:200,000,000,  and  even 
less  than  1 :  300,000,000.    The  proportion  of  serum  in  the  blood 


Fig.  13.  Intestine  Tracings.    Bloods  from  the  Same  Cat  Used  for  Figure 

12,  BUT  WITH  Smaller  Magnification 

At  18  Ringer  was  replaced  by  arterial  blood,  and  this  at  19  by  arterial  blood 
to  which  had  been  added  adrenalin  to  make  up  1 :  100,000,000.  At  20  Ringer  was 
replaced  by  arterial  blood,  and  this  at  21  by  the  third  adrenal  specimen.  (Re- 
duced to  one-half.) 

was  72  per  cent  (cat's  blood  is  usually  very  rich  in  serum)  so 
that  the  blood  could  not  have  had  a  greater  concentration  at 
most  than  1 :  400,000,000  of  epinephrin.  The  rate  of  blood  flow 
during  collection  of  the  fourth  adrenal  specimen  was  0.4  gram 
per  minute.  The  output  of  epinephrin  per  minute,  accordingly, 
could  not  have  been  more  than  0.000001  mgm.  per  minute  for 
the  one  adrenal,  or  0.000002  mgm.  for  the  two  adrenals  (0.000001 
mgm.  per  kilo  of  body  weight  per  minute).  This  is  no  more 
than  one-two-hundred  and  fiftieth  of  the  normal  output,  as 
estimated  in  drawn  adrenal  blood  under  our  experimental  con- 
ditions on  rabbit  intestine  and  uterus  segments,  and  no  more 


Fig.  14.  Intestine  Tracings. 


Blood  from  Same  Cat  Used  tor  Figures  12 

AND  13 


A  fresh  segment  was  taken.  At  25  Ringer  was  replaced  by  serum  of  arterial 
blood  and  this  at  S6  by  serum  of  the  fourth  adrenal  specimen.  At  28  and  30 
Ringe'r  was  replaced  by  arterial  blood,  and  this  at  29  and  31  by  arterial  blood  to 
which  adrenalin  had  been  added  to  make  up  1:60,000,000  and  1:  100,000,000, 
respectively.    (Reduced  to  one-half.) 
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Fig.  15.  Uterus  Tracings.    Bloods  from  Same  Cat  Used  for  Figures  12  to  14 

At  38  Ringer  was  replaced  by  the  second  adrenal  specimen  diluted  with  an 
equal  volume  of  Ringer;  at  4^  by  arterial  blood  to  which  was  added  adrenalin 
1 :200,000,000  (writing  point  went  above  drum  and  stayed  up  a  long  time) ;  at  42  by 
arterial  blood,  to  which  was  added  adrenalin  1 :  400,000,000.  The  arterial  bloods 
were  diluted  with  an  equal  volume  of  Ringer  before  adding  the  adrenalin.  At 
43  Ringer  was  replaced  by  the  serum  of  the  fourth  adrenal  specimen  undiluted; 
at  44  by  arterial  blood  to  which  was  added  adrenalin  (1 :  300,000,000) ;  at  4^  by 
adrenalin,  1:300,000,000;  at  45  by  adrenalin,  1:200,000,000  (writing  point  went 
above  drum  and  stayed  up  long) ;  at  46  by  adrenalin,  1 :  300,000,000.  The  adrena- 
lin was  added  in  each  case  to  arterial  blood  previously  diluted  with  an  equal 
volume  of  Ringer.    (Reduced  to  two-fifths.) 
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than  one-five-hundredth  of  the  normal  output,  as  estimated 
by  eye  reactions. 

Experiment  9.  Condensed  protocol.  Cat.  Weight  3.87  kgm. 
Three  weeks  before  the  experiment  the  right  adrenal  gland  was  excised 
and  the  left  semilunar  ganglion  extirpated.  The  lumbar  sympathetic 
chain  was  also  cut  and  one  lumbar  ganglion  below  the  diaphragm 
excised.  The  left  superior  cervical  ganglion  was  excised  6  days  before 
the  experiment. 

11.30  a.m.    Urethane  6  grams  by  stomach  tube. 
1.00  p.m.    Tracheal  cannula  inserted  and  jugular  vein  blood  obtained. 
1.20  p.m.  to  1.45  p.m.    Cava  pocket  made,  tying  off  renal,  coeliac, 

mesenteric  arteries  and  abdominal  aorta. 
1.50  p.m.    Pocket  experiment.    1   minute,   35  seconds.    No  eye 
reactions. 

1.52  p.m.    Pocket  experiment.    3  minutes.    No  eye  reactions. 
The  following  specimens  of  adrenal  blood  were  then  collected: 


NUMBER  or  ADRENAL 
SPECIMENS 

BLOOD  COLLECTED 

TIME  OF  COLLECTION 

BLOOD  FLOW  PER 
MINDTE 

grams 

minutes 

seconds 

grams 

1 

2.2 

1 

25 

1.5 

2 

5.5 

4 

1.4 

3 

4.7 

4 

1.2 

4 

5.0 

5 

1.0 

5 

5.3 

8 

0.66 

6 

5.8 

10 

30 

0.55 

Obtained  blood  from  carotid. 


Right  adrenal  weighed  0.320  gram  and  contained  0.33  mgm.  epi- 
nephrin.  Left  adrenal  weighed  0.316  gram  and  contained  0.32  mgm. 
epinephrin. 

The  first  adrenal  specimen  contained  55  per  cent  serum  (hematocrite) 
an  unusually  small  proportion  of  serum  for  a  cat. 

The  eye  reactions  in  experiment  9  were  negative.  Some  of  the 
tracings  of  the  segment  tests  are  reproduced  in  figures  16  to  19. 
None  of  the  samples  of  adrenal  blood  gave  any  reactions  indi- 
cating the  presence  of  epinephrin,  either  with  intestine  or  uterus, 
although  the  intestine  could  detect  1:300,000,000  adrenalin 
(fig.  17,  observation  24).    A  concentration  of  1:200,000,000 
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caused  a  marked  effect  on  the  intestine  (observation  22). 
With  the  uterus  employed  it  was  proved  that  a  concentration 
of  1:300,000,000  was  quite  easily  detectable  (tracing  not  re- 
produced), and  even  1:500,000,000  (fig.  19,  observation  49) 
could  be  detected. 

In  figure  16  it  is  shown  that  (in  dilution  1:2),  even  the  sixth 
adrenal  blood  specimen,  which  normally  would  be  relatively 


Fig.  16.  Intestine  Tracings.    Bloods  from  a  Cat  with  Right  Adrenal 
Excised,  Left  Semilunar  Ganglion  Extirpated  and  Lumbar  Sym- 
pathetic Chain  Severed  Three  Weeks  Before  the  Experiment 

Anesthetized  with  urethane.  At  11  Ringer  was  replaced  by  jugular  blood  and 
this  at  12  by  the  sixth  adrenal  specimen.  At  13  Ringer  was  replaced  by  jugular 
blood,  and  this  at  J4  by  jugular  blood  to  which  was  added  adrenalin  1 :  50,000,000. 
At  15  Ringer  was  replaced  by  jugular  blood  and  this  at  16  by  the  fourth  adrenal 
specimen.  At  17  Ringer  was  replaced  by  jugular  blood  and  this  at  18  by  jugular 
blood  to  which  was  added  adrenalin  1 :  100,000,000.  All  the  bloods,  including  t^e 
adrenalin  bloods  after  being  made  up  to  the  concentrations  mentioned,  were 
diluted  with  two  volumes  of  Ringer  before  application  to  the  segment.  (Reduced 
to  one-half.) 

rich  in  epinephrin,  owing  to  the  small  blood  flow  at  the  time  of 
collection,  caused  no  inhibition  whatever  (observation  12). 
The  same  was  true  of  the  fourth  adrenal  blood  specimen  (observa- 
tion 16).  The  intestine  segment  gave  a  good  reaction  with 
adrenalin  blood  (1:50,000,000)  (observation  14),  similarly 
diluted,  and  a  distinct  reaction  with  adrenahn  blood  (1 :  100,000- 
000)  (observation  18). 
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_  In  figure  17,  are  displayed  the  results  of  some  of  the  tests  on 
intestine  segments  with  undiluted  blood.  The  sixth  adrenal 
specunen  gave  no  definite  inhibition  (observation  20).  Indiffer- 
ent blood  to  which  adrenalin  had  been  added  to  make  up  a  con- 
centration of  1 : 200,000,000,  gave  a  good  reaction  (observation 
22),  and  even  a  concentration  of  1:300,000,000  caused  distinct 
inhibition  (observation  24) .  Even  the  serum  (of  the  fifth  adrenal 
specunen)  caused  no  inhibition,  but  a  considerable  increase  of 
tone  of  the  intestine  segment  (fig.  18,  observation  33).  Adrena- 


2,0  N 
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1.  li 


Fig.  17.  Intestine  Tracings.    Blood  from  Same  Cat  Used  for  Figure  16 

At  19  Ringer  was  replaced  by  indifferent  (arterial)  blood,  and  this  at  20  by 
the  sixth  adrenal  specimen.  At  21  and  23  Ringer  was  replaced  by  arterial  blood, 
and  this  at  22  and  24  by  arterial  blood  to  which  had  been  added  adrenalin  to  make 
up  1 :  200,000,000  and  1 :  300,000,000,  respectively.    (Reduced  to  one-half.) 

lin  in  indifferent  serum  in  concentration  1 : 300,000,000  pro- 
duced a  very  different  effect  on  the  intestine  (observation  35), 
and  one  which  must  be  interpreted  as  an  adrenahn  action,  that 
is  to  say,  instead  of  a  decided  increase  of  tone,  a  preliminary 
slight  inhibition  followed  by  a  recovery  scarcely  above  the  initial 
level. 

The  third  adrenal  blood  specimen  (diluted  mth  2  volumes 
Ringer)  caused  also  a  rise  of  tone,  without  inhibition  (observa- 
tions 28).    All  the  other  adrenal  specimens  were  tested,  but 
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none  of  them,  not  even  the  first,  or  so-called  ''manipulation" 
specimen,  gave  any  positive  effect.  ,     .     .  -.u 

The  uterus  tests  confirmed  the  negative  results  obtamed  with 
the  intestine.  Specimens  of  the  tracings  are  reproduced  in 
figure  19.  The  third  undiluted  adrenal  blood  sample  (observa- 
tion 50),  gave  a  somewhat  smaller  increase  of  tone  than  adrenalin 


Fig.  18.  Intestine  Tracings.    Bloods  from  Same  Cat  Used  for  Figures 

16  and  17 

At  27  Ringer  was  replaced  by  arterial  blood  and  this  at  28  by  the  third  adrenal 
specimen,  the  bloods  being  diluted  with  two  volumes  Ringer  before  application 
to  the  segment.  At  32  Ringer  was  replaced  by  serum  of  arterial  blood  and  this 
at  33  by  serum  of  the  fifth  adrenal  specimen.  At  34  Ringer  was  replaced  by  serum 
of  arterial  blood  and  this  at  36  by  serum  of  arterial  blood  to  which  adrenalin  had 
been  added  to  made  up  1 :  300,000,000.  All  the  sera  were  undiluted.  (Reduced 
to  two-thirds.) 

added  to  the  second  adrenal  specimen  to  make  up  a  concentration 
of  1 :  500,000,000.  The  serum  of  the  fifth  adrenal  blood  sample 
(observation  51),  produced  a  rise  of  tone  of  about  the  same  size 
as  this  adrenalin  blood,  probably  a  little  less.  No  difference 
between  the  indifferent  bloods  and  the  sixth  adrenal  blood  speci- 
men was  brought  out  by  diluting  them  to  the  same  degree  (ob- 
servations 38  to  40). 
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There  is  evidence,  then,  from  the  intestine  tests  that  the  adrenal 
blood  certainly  did  not  contain  1:300,000,000  epinephrin,  and 
that  even  the  serum  in  all  probabiHty  did  not  contain  1 :  300,000,- 
000.  The  uterus  tests  bring  the  possible  concentration  still 
lower,  probably  to  1 :  500,000,000  for  the  serum.  But  even  tak- 
mg  1 : 400,000,000  as  the  concentration  which  the  serum  could 
not  have  exceeded,  we  get  for  the  blood  (of  the  fifth  adrenal 
specimen)  a  concentration  of  no  more  at  most  than  1 : 700,000,000. 
The  rate  of  flow  during  the  collection  of  this  specimen  was  0.65 


Fig.  19.  Uterus  Tracings. 


Bloods  from  Same  Cat  Used  for  Figures 
16  to  18 


At  S8  Ringer  was  replaced  by  arterial  blood;  at  S9  by  jugular  blood;' at  Ifi  by 
the  sixth  adrenal  blood  specimen.  The  bloods  were  diluted  with  two  volumes 
Ringer.  At  4^  Ringer  was  replaced  by  blood  of  the  second  adrenal  specimen  to 
which  had  been  added  adrenalin  to  make  up  1 :  500,000,000.  At  50  Ringer  was 
replaced  by  the  third  adrenal  specimen ;  at  51  by  serum  of  the  fifth  adrenal  speci- 
men. In  observations  49  to  51  there  was  no  dilution  before  application  to  the 
segment.    (Reduced  to  one-half.) 


gram  (say  0.6  cc.)  per  minute.  The  rate  of  hberation  of  epineph- 
rin accordingly  could  not  have  been  as  much  as  0.0000009  mgm. 
per  minute  for  the  one  adrenal  (or  0.0000004  mgm.  per  kilogram 
of  body  weight  per  minute  for- two  adrenals),  i.e.,  not  one-five- 
hundredth  of  the  normal  output,  as  estimated  on  drawn  adrenal 
blood  by  rabbit  segments,  or  one-thousandth  of  the  normal  out- 
put, under  similar  experimental  conditions,  as  estimated  by  the 
eye  reactions. 

Results  such  as  those  of  experiments  8  and  9  indicate  that  no 
epinephrin  is  normally  liberated  from  the  adrenals,  except  through 
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nerves.  It  must  be  remembered  that  the  experunental  con- 
ditions under  which  the  blood  samples  were  obtained  are  such 
as  are  usually  considered  to  be  most  favorable  for  increasing 
the  epinephrin  output  (anaesthesia,  trauma,  etc.) 

Another  conclusion  which  seems  to  follow  is  that  the  epi- 
nephrin normally  liberated  from  the  adrenals  is  not  indispensable 
for  life  and  health.  For  these  cats  had  not  suffered  in  any 
respect  from  the  lack  of  it,  so  far  as  could  be  made  out.  If 
it  be  said  that  quantities  and  concentrations  of  epinephrin  smaller 
than  can  be  detected  by  the  test  objects  employed,  may  still, 
for  aU  we  know,  play  an  important  part  in  the  organism,  the 
possibihty  may  be  conceded.  But  we  do  not  know  any  functions 
which  can  be  demonstrably  affected  by  epinephrin  in  concen- 
trations of  1 :  70  thousand  millions  (the  adrenal  blood  is  diluted 
at  least  one  hundred  times  in  the  right  heart).  And  reactions 
which  can  be  demonstrated  are  the  only  reactions  which  can  be 
studied. 

No  account  is  here  taken  of  the  possibihty  that  the  sporadic 
chromaffin  tissue  may  discharge  a  certain  amount  of  epinephrin, 
since  although  it  has  been  shown  to  contain  that  substance  (4) 
nothing  is  known  as  to  its  hberation.  Accessory  adrenals  were 
always  looked  for  post  mortem,  but  were  not  present  in  any  of 
our  cats.  In  any  case,  accessory  adrenals  consist  of  cortical, 
not  of  medullary  tissue. 

It  is  scarcely  necessary  to  say  that  our  results  do  not  show  that 
no  important  or  indispensable  substance  continues  to  be  given 
off  by  the  adrenals  or  even  by  the  adrenal  medulla  after  section 
of  their  nerves.  On  the  contrary,  as  the  adrenals  are  indis- 
pensable to  hfe  it  must  be  assumed  that  the  most  important  of 
their  functions  can  be  carried  on  through  the  blood  or  lymph  in 
the  absence  of  the  nerves  which  control  the  liberation  of  epi- 
nephrin. The  objection  that  the  rate  of  hberation  was  not  de- 
termined in  these  cat^  before  section  of  the  nerves  and  that  it 
might  have  been  exceptionally  small,  has  no  weight.  For  we 
do  not  find  very  wide  variations  in  the  output  under  our  experi- 
mental conditions  (table  2),  and  we  never  encounter  a  cat  with 
mtact  adrenal  nerves  whose  adrenal  vein  blood  does  not  con- 
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tain  epinephrin  in  concentration  far  above  the  limit  of  detect- 
ability  with  test  objects  of  normal  sensitiveness. 

The  concentration  in  dog's  adrenal  blood  is  usually  consider- 
ably less  than  in  the  cat,  probably  due  largely,  if  not  entirely,  to 
the  greater  rate  of  blood  flow.  It  is  for  this  reason  easier  to  miss 
detecting  epinephrin  in  dog's  adrenal  vein  blood  than  in  cat's, 
especially  if  the  blood  flow  has  not  slackened  considerably  during 
collection  of  a  series  of  samples  and  if  rather  insensitive  segments 
happen  to  be  employed.  This  is  undoubtedly  the  reason  why 
in  previous  experiments  made  by  one  of  us  (5)  a  negative 
result  was  sometimes  obtained  in  blood  from  the  dog's  adrenal 
veins,  with  the  nerves  intact.  Occasionally  also  in  the  previous 
experiments  on  dogs  there  was  some  admixture  of  the  adrenal 
blood  \\dth  blood  from  the  transverse  lumbar  vein,  which  would 
still  further  reduce  the  epinephrin  content.  It  is  not  very  un- 
common in  the  dog,  to  find  one  adrenal  vein,  especially  the  left, 
opening  into  the  renal  vein,  and  if  this  is  not  recognized  in  tying 
off  the  cava  pocket,  the  adrenal  vein  may  easily  be  occluded. 
Although  this  would  not  affect  the  concentration  of  epinephrin 
in  the  blood  collected,  it  would  diminish  the  apparent  rate  of 
hberation  by  half. 

In  three  experiments,  the  cats  were  allowed  to  Hve  for  such  a 
time  (15  weeks),  as  to  permit  at  least  the  possibihty  of  some 
regeneration  of  the  fibers.  These  animals  differed  in  no.  respect 
in  their  behavior  and  state  of  health  from  the  cats  which  were 
allowed  to  survive  for  shorter  periods. 

Experiment  10.  Condensed  protocol.  Cat.  Weight  2.06  kgm.  at 
the  first  operation.  The  left  adrenal  gland  was  excised  and  the  nerves 
coming  to  the  right  semilunar  ganglion  severed  15  weeks  before  the 
experiment.  The  left  superior  cervical  ganglion  was  excised  one  week 
before  the  experiment.  Body  weight  2.63  kgm.  at  the  time  of  the 
experiment.    Condition  good. 

10.40  a.m.  Ether;  cava  pocket  tied  off,  renal,  coeliac,  mesenteric 
arteries  and  abdominal  aorta  below  the  renals  being 
li  gated. 

11.10  a.m.    Pocket  experiment  52  seconds.    No  eye  reactions. 
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Pocket  experiment  1  minute,  32  seconds.  No  eye 
reactions.  About  10  cc.  blood  was  obtained  from  the 
jugular  vein. 

Pocket  experiment  1  minute,  30  seconds.  No  eye  re- 
actions. 

Pocket  experiment  1  minute,  50  seconds.  No  eye  reac- 
tions. Tracheal  cannula  inserted,  also  cannula  in 
lower  end  of  pocket,  in  iliac  vein. 
Adrenal  blood  collected  from  pocket.  Flow  very  slow, 
about  5  cc.  in  27  minutes.  Obtained  blood  from 
right  heart.  Capacity  of  pocket,  slackly  filled,  0.39 
gram.  Left  adrenal-  weighed  0.346  gram  and  contained 
0.22  mgm.  epinephrin.  Right  adrenal  weighed  0.330 
grams  and  contained  0.22  mgm.  epinephrin.  The 
bloods  were  centrifuged  and  the  serums  tested. 

The  eye  reactions  for  epinephrin  in  the  adrenal  blood  were 
negative.  With  the  uterus  segments  (fig.  20),  no  evidence  of 
the  presence  of  epinephrin  even  in  the  serum  of  the  adrenal  vein 
blood  was  obtained,  although  the  blood  flow  during  the  collec- 
tion of  the  specimen  was- slow.  The  adrenal  serum  (diluted  with 
5  volumes  Ringer),  caused  scarcely  as  great  an  increase  of  tone 
as  the  jugular  serum  similarly  diluted  (observations  19  and  20). 
With  a  smaller  degree  of  dilution  (1:3),  adrenal  serum  was  dis- 
tinctly inferior  to  jugular  in  tone-increasing  •  power.  The  rise 
caused  by  the  undiluted  adrenal  serum  (observation  31),  on  a 
different  uterus  segment,  was  much  smaller  than  that  due  to 
an  adrenaUn  solution  (1 : 30,000,000)  in  an  indifferent  serum 
(diluted  with  3  volumes  Ringer)  (observation  30).  There  was 
evidence  that  the  rise  of  tone  caused  by  the  adrenalin  solution 
was  maximal  for  this  segment.  So  that  the  uterus  could  un- 
doubtedly have  detected  a  far  smaller  concentration  of  adrenalin 
than  1 :  30,000,000.  The  indifferent  serum  in  which  the  adrenalin 
solution  was  made  up  (diluted  with  3  volumes  Ringer),  caused 
a  somewhat  greater  rise  than  the  undiluted  adrenal  serum. 

The  gi-eat  difference  in  tone-increasing  power  between  the 
adrenal  and  the  indifferent  sera  in  this  experiment  suggests  that 
the  former  contained  some  substance  which  caused  inhibition 
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of  Uterus  tone.  It  is  known  that  such  a  substance  is  sometimes 
present  in  venous  blood,  during  asphyxial  conditions.  For 
this  reason  it  is  certain  that  the  inhibitory  effects  obtained  on  the 
intestine  segment  were  not  due,  at  least  wholly,  to  epinephrin. 
It  is  not  often  that  this  circumstance  compHcates  the  estimation 
of  the  concentration  of  epinephrin  by  the  segments  (this  experi- 
ment, indeed,  is  the  only  instance  in  the  series  recorded  in  this 
paper).    But  it  can  only  be  controlled  by  using  both  uterus  and 


Fig.  20.  Uterus  Tracings.    Bloods  from  Cat  With  Left  Adrenal  Excised 
AND  Nerve  Connections  of  Right  Semilunar  Ganglion  Cut  Fif- 
teen Weeks  before  Experiment 

Anesthetized  with  urethane.  At  19  Ringer  was  replaced  by  serum  of  adrenal 
blood  (a  small  sample  slowly  collected),  at  20  by  serum  of  jugular  blood;  both 
diluted  with  five  volumes  Ringer.  At  29  (with  another  segment)  Ringer  was 
replaced  by  serum  of  a  dog  diluted  with  three  volumes  Ringer;  at  30  by  dog 
serum  to  which  adrenalin  had  been  added  to  make  up  1 :  10,000,000,  the  adrenalin 
serum  being  then  diluted  with  three  volumes  Ringer  before  application  to  the 
segment.  At  31  Ringer  was  replaced  by  undiluted  serum  of  the  cat's  adrenal 
blood.    (Reduced  to  one-half.) 

intestine  segments  for  the  tests.  Even  if  the  inhibition  of  the 
intestine  (figure  21)  caused  by  the  adrenal  serum  (observation  6) 
were  entirely  due  to  epinephrin,  the  concentration  in  the  serimi 
must  have  been  much  less  than  1:  10,000,000  (observation  14), 
and  in  the  blood  much  less  than  1 : 17,000,000.  If  we  take  the 
concentration  in  the  blood  even  at  1 : 20,000,000  this  would 
correspond  to  an  epinephrin  output  of  no  more  than  0.00001 
mgm.  per  minute  for  one  adrenal  (or  0.000007  mgm.  per  kilo- 
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gram  of  body  weight  per  minute  for  the  two  adrenals).  This 
is  not  more  than  one-thirtieth  to  one-fortieth  of  the  normal 
output  as  estimated  on  drawn  adrenal  blood  on  rabbit  segments, 
or  one-hundredth  of  the  normal  as  estimated  by  the  eye  reactions. 


Fig.  21.  Intestine  Tracings.   Bloods  from  Same  Cat  Used  for  Figure  20 

At  1  Ringer  was  replaced  by  serum  of  jugular  blood  and  this  at  2  by  serum  of 
adrenal  blood.  The  sera  in  observations  1  and  2  were  undiluted.  At  5  Ringer 
was  replaced  by  jugular  serum  and  this  at  6  by  adrenal  serum,  both  diluted  with 
an  equal  volume  of  Ringer.  At  9  Ringer  was  replaced  by  dog  serum  diluted  with 
an  equal  volume  of  Ringer  and  this  at  10  by  the  same  serum  made  up  to  1 :  3,000,- 
000  with  adrenalin,  and  then  diluted  with  an  equal  volume  of  Ringer  before  appli- 
cation to  the  segment.  At  13  Ringer  was  replaced  by  jugular  serum  and  this  at 
14  by  jugular  serum  to  which  adrenalin  had  been  added  to  make  up  1 :  10,000,000. 
Both  jugular  serwm  and  adrenalin  serum  were  diluted  with  an  equal  volume  of 
Ringer  before  application  to  the  segment.    (Reduced  to  one-half.) 

Experiment  11.  Condensed  protocol.  Cat.  Weight  3.06  kgm.  at 
the  time  of  the  operation,  4!  14  kgm.  at  the  time  of  the  experiment. 
The  right  adrenal  gland  was  excised  and  the  nerves  coming  to  the  left 
semilunar  ganglion  cut  15  weeks  before  the  experunent.  The  left 
superior  cervical  ganglion  was  excised  8  days  before  the  experiment. 
Condition  excellent. 
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11.30  a.m.    4  grams  urethane. 
1.00  p.m.    Inserted  tracheal  and  jugular  cannulae.    Obtained  sample 
of  jugular  blood. 

1.20  p.m.    Made  cava  pocket,  with  cannula  in  a  renal  vein. 

2.05  p.m.    Pocket   experiment   2   minutes,    10   seconds.  Dubious 

reaction  of  left  pupil  and  nictitating. 
2.15  p.m.    Pocket  experiment  4  minutes.    Slight  dilatation  of  pupil 
in  16  to  18  seconds;  retraction  of  nictitating  about 
10  seconds  later, 

2.30  p.m.  Collected  blood  from  pocket  through  cannula.  Poor 
flow.  About  2  cc.  of  adrenal  blood  collected  in  20 
minutes.  •  . 

2.55  p.m.    Isolated  left  sympathetic  in  thorax  on  a  loose  ligature. 

3.00  p.m.  Pocket  experiment,  2  minutes,  35  seconds.  Small  dilata- 
tion of  pupil  in  26  seconds,  nictitating  following  10  to 
12  seconds  later.  . 

3. 06  p.m.    Pocket  experiment  3  minutes,  30  seconds.    Small  pupil 

dilatation  in  16  to  18  seconds,  and  nictitating  about  12 
seconds  later. 

3.13  p.m.    Tied  and  cut  left  sympathetic  in  thorax. 

3.15  p.m.  Pocket  experiment  4  minutes.  Slight  retraction  of  nictitat- 
ing in  32  seconds.    Pupil  reaction  doubtful. 

3.21  p.m.  Pocket  experiment,  5  minutes.  Very  slight  eye  reactions. 
3.29  p.m.    Peripheral  end  of  left  sympathetic  stimulated  for  25 

seconds  with  pocket  open.  Slight  instantaneous  dila- 
tation of  pupil.    No  other  pupil  reaction. 

3.35  p.m.    Stimulated  left  sympathetic  54  seconds.    No  eye  reactions. 

3.37  p.m.    Pocket  experiment  4  minutes.    No  eye  reactions. 

3.51  p.m.  Pocket  experiment  with  stimulation  of  left  sympathetic 
4  minutes.  Very  slight  but  definite  pupil  dilatation  in 
44  seconds  after  release  of  the  pocket,  very  sHght  re- 
traction of  nictitating  following  about  9  seconds  later. 
Inserted  cannula  in  lower  end  of  pocket  and  obtained 

,  a  small  sample  of  adrenal  blood.    Right  adrenal  weighed 

0.186  gram  and  contained  0.23  mgm.  epinephrin. 
Left  adrenal  weighed  0.190  gram  and  contained  0.12 
mgm.  epinephrin. 

In  experiment  11,  slight  but  positive  eye  reactions  ^vere  ob- 
tained, indicating  a  much  reduced,  but  still  detectable  liberation 
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of  epinephrin.  The  first  adrenal  blood  sample  was  found,  by  the 
the  segment  tests,  to  contain  approximately  1 :  5,000,000  epi- 
nephrin. This  concentration  would  be  rather  low  for  a  cat,  even 
with  a  normal  blood  flow,  and  is  very  low  for  the  small  flow  when 
the  sample  was  collected.  The  output  per  minute  could  not 
have  been  more  than  0.00002  mgm.  for  the  one  adrenal  (or 
0.00001  mgm.  per  kilogram  of  body  weight  per  minute  for  the 
two  adrenals).  This  is  not  more  than  one-twenty-fifth  of  the 
normal  output  as  estimated  on  drawn  adrenal  blood  by  rabbit 
segments,  and  no  more  than  one-fiftieth  or  one-sixtieth  of  the 
normal  as  estimated  by  the  eye  reactions.  It  is  worthy  of  note 
that  the  section  of  the  left  sympathetic  in  the  thorax  diminished 
the  already  slight  eye  reactions  and  stimulation  of  the  nerve  in- 
creased them  slightly,  but  definitely.  In  this  cat,  then,  some  of 
the  secretory  fibers  in  the  sympathetic  were  capable  at  this 
time  of  conduction.  It  is,  of  course,  impossible  to  say  whether 
these  were  regenerated  fibers  or  fibers  which  had  escaped  section 
when  the  nerves  coming  to  the  semilunar  ganglion  were  cut. 

Experiment  12.  Condensed  protocol.  Cat.  Weight  at  first  opera- 
tion 2.09  kgm.,  at  the  time  of  experiment  3.635  kgm.  The  right  adrenal 
was  excised  and  the  nerves  coming  to  the  left  semilunar  ganglion  cut 
15  weeks  before  the  experiment.  The  left  superior  cervical  ganglion 
was  excised  6  days  before  the  experiment.  Condition  excellent. 
11.00  a.m.    Urethane  4  grams. 

1.30  p.m.    Tracheal- cannula  inserted.    Pocket  made. 

2.10  p.m.  Pocket  experiment,  1  minute,  30  seconds  occlusion.  Good 
pupil  reaction  in  12  seconds  after  release  of  pocket, 
nictitating  4  seconds  later. 

2.27  p.m.  Pocket  experiment,  2  minutes.  Pupil  reaction  in  14 
seconds,  nictitating  10  seconds  later. 

2.31  p.m.    Pocket  experiment,  2  mimites.    Good  pupil  reaction  in 

14  seconds,  nictitating  10  seconds  later. 
Collected  adrenal  blood  through  cannula  in  lower  end  of  pocket. 
Flow  very  slow.    Poor  circulation.    About  3  cc.  collected  in  26 
minutes.    Isolated  left  sympathetic  in  thorax  on  loose  ligature. 
3.25  p.m.    Pocket  experiment,  2  minutes.    Slight  pupil  and  nictitat- 
ing reactions. 
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3.32  p.m.  Pocket  experiment,  2  minutes,  30  seconds.  Pupil  re- 
action in  28  seconds,  nictitating  6  seconds  later.  Tied 
and  cut  left  sympathetic  in  the  thorax. 

3.40  p.m  Pocket  experiment,  3  minutes.  Slight  pupil  reaction  in 
24.5  seconds.  No  nictitating.  Cut  right  sympathetic 
in  thorax. 

3.50  p.m.    Pocket  experiment,  3  minutes.    Slight  pupil  reaction  in 

26  seconds.    No  nictitating. 
3.55  p.m.    Pocket  experiment,  with  stimulation  of  left  sympathetic 

3  minutes.    About  the  same  reaction  as  at  3.50  (in 

26  seconds). 

4.00  p.m.  Pocket  experiment,  3  minutes.  Slight  pupil  reaction  in 
30  seconds.    No  nictitating. 

4.05  p.m.  Pocket  experiment,  with  stimulation  of  left  sympathetic, 
3  minutes.  Smaller  pupil  reaction  than  at  4.00,  in 
36  seconds.  Blood  obtained  from  abdominal  aorta, 
with  pocket  still  clipped  off.  Right  adrenal  weighed 
0.150  gram  and  contained  0.16  mgm.  epinephrin.  Left 
adrenal  weighed  0.164  gram  and  contained  0.09  mgm. 
epinephrin. 

The  eye  reactions  were  positive  in  experiment  12,  They  were 
not  diminished  by  section  of  the  sympathetics  in  the  thorax, 
nor  were  they  increased  by  stimulation  of  the  left  sympathetic. 
In  this  cat,  there  was  no  evidence  that  any  of  the  secretory 
fibers  in  the  sympathetic  were  at  this  §tage  capable  of  conduc- 
,  tion.  The  intestine  segment  tests  showed  that  the  adrenal 
vein  blood  contained  much  less  than  1 : 3,000,000  epinephrin 
(fig.  22),  and  not  far  from  1:6,000,000  (fig.  23).  The  uterus 
tests  confirmed  this  (fig.  24).  For  instance,  the  adrenal  blood 
diluted  with  5  volumes  Ringer  (observation  19),  gave  a  some- 
what smaller  increase  of  tone  than  1 :  6,000,000  adrenalin  mad^ 
up  in  indifferent  blood  and  similarly  diluted.  The  flow  during 
collection  of  the  adrenal  specimen  was  slow,  doubtless  consider- 
ably slower  than  during  the  eye  tests.  The  output  of  epi- 
nephrin per  minute  was  0.00002  mgm.  for  the  one  adrenal 
(or  0.00001  mgm.  per  kilogram  of  body  weight  per  minute  for 
the  two  adrenals).  This  is  not  more  than  one-twentieth  of 
the  normal  output,  as  estimated  on  shed  adrenal  blood  by 
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Fig.  22.  Intestine  Tracings.    Bloods  from  Cat  with  Right  Adrenal 
Excised  and  Nerve  Connections  of  Left  Semilunar  Ganglion 
Cut  Fifteen  Weeks  Before  Experiment 

Anesthetized  with  urethane.  At  2  Ringer  was  replaced  by  arterial  blood,  and 
this  at  3  by  adrenal  blood  (a  small  sample  very  slowly  collected).  At  6  Ringer 
was  replaced  by  arterial  blood  and  this  at  7  by  arterial  blood  containing, 
1:  3,000,000  adrenalin.    (Reduced  to  two-thirds.) 


Fig.  23.  Intestine  Tracings.  Bloods  from  Same  Cat  Used  for  Figure  22 
At  U  Ringer  was  replaced  by  arterial  blood  and  this  at  15  by  adrenal  blood 
both  diluted  with  an  equal  volume  of  Ringer.  At  16  Ringer  was  replaced  by  ar- 
terial blood  diluted  with  one  volume  Ringer,  and  this  at  i  7  by  arterial  blood  to 
which  adrenalin  had  been  added  to  make  up  1 :  6,000,000,  the  adrenalin  blood  being 
diluted  with  one  volume  Ringer  before  application  to  the  segment.  (Reduced 
to  two-thirds.) 
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Fig.  24.  Uterus  Tracings.    Bloods  from  Same  Cat  Used  for  Figures  22 

AND  23 

At  19  Ringer  was  replaced  by  adrenal  blood  diluted  with  five  volumes  Ringer; 
at  BO  by  arterial  blood  to  which  had  been  added  adrenalin  to  make  up  1 :  6,000,000, 
the  adrenalin  blood  being  then  diluted  with  five  volumes  Ringer  before  appli- 
cation to  the  segment.    (Reduced  to  one-half.) 

rabbit  intestine  segment  tests,  and  not  more  than  one-fortieth 
of  the  output,  as  estimated  by  eye  reactions. 

SUMMARY 

1.  We  showed  in  a  previous  paper,  by  the  blood  pressure  and 
eye  reactions,  that  after  section  of  the  nerve  supply  of  the  adrenal 
no  demonstrable  hberation  of  epinephrin  was  present  in  cats  as 
long  as  five  weeks  after  the  nerve  section. 

2.  As  it  is  easier  to  detect  very  small  concentrations  of  epi- 
nephrin by  the  rabbit  intestine  and  uterus  segments,  we  have  made 
a  series  of  survival  experiments  in  cats  in  which  these  tests  were 
used  to  supplement  the  eye  reactions.  In  all  the  animals  one 
adrenal  was  excised  and  the  nerves  of  the  other  cut. 

In  a  cat  tested  two  weeks  after  the  operation,  it  was  shown 
that  the  adrenal  blood  serum  could  not  have  contained  1 :  300- 
000,000,  or  the  blood  1 : 400,000,000  of  epinephrin;  and  that  the 
rate  of  hberation  of  epinephrin  could  not  have  been  at  most 
0.000001  mgm.  per  minute  for  one  adrenal.  In  another  cat 
three  weeks  after  the  operation  the  serum  of  the  adi'enal  blood 
was  proved  to  contain  less  than  1:400,000,000  and  the  blood 
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less  than  1 :  700,000,000  epinephrin.  The  output  of  epmephrin 
per  minute  could  not  have  been  as  much  as  0.0000009  mgm.  per 
minute,  for  one  adrenal.  The  segments  used  for  the  tests  in 
these  experiments  were  extremely  sensitive,  and  the  limits  of 
adrenalin  concentrations  which  could  be  detected  with  certainty- 
were  carefully  determined.  The  eye  reactions  were  negative. 
In  these  two  cats  the  rate  of  liberation  of  epmephrm,  if  any 
liberation  whatever  was  going  on,  must  have  been  several 
hundred  times  less  than  the  rate  in  normal  animals  under  the 
same  experimental  conditions. 

It  is  scarcely  necessary  to  point  out  that  experiments  yielding 
completely  negative  results  indicating  the  absence  of  epinephrin 
with  very  sensitive  test  objects  are  much  more  important  for 
the  questions  studied  than  experiments  in  which  small  amounts 
of  epinephrin  can  still  be  detected.  For  it  is  impossible  to  be 
certain  that  when  a  little  epinephrin  is  found  some  of  the  fibers 
concerned  in  the  hberation  may  not  have  escaped  section. 

3.  Since  these  animals  had  completely  recovered  from  the 
operation  and  behaved  in  every  way  like  normal  animals,  it 
must  be  concluded  that  the  hberation  of  epinephrin  from  the 
adrenals  is  not  indispensable  for  life  or  health,  unless  indeed 
the  necessary  quantity  is,  even  in  the  adrenal  vein  blood,  below" 
the  Umits  of  detection  by  the  methods  used.  The  epinephrin 
in  the  adrenal  blood  is  diluted  enormously  (probably  at  least 
one -hundred  times)  in  the  right  heart;  so  that  in  these  cats  the 
concentration  in  the  arterial  blood  could  not,  at  most  have  reached 
1 :  40,000,000,000  and  1 :  70,000,000,000,  respectively. 

If  the  liberation  of  epinephrin  is  totally  abohshed  by  division, 
in  the  dorsal  cord,  of  the  path  concerned  in  it,  as  our  experi- 
ments" on  the  Relation  of  the  Spinal  Cord  to  the  Spontaneous 
Liberation  of  Epinephrin  indicate,  this  corroborates  the  con- 
clusion that  epinephrin  is  not  indispensable,  since  numerous 
animals  and  men  have  long  survived  such  lesions. 

4.  The  experiments  indicate  that  the  entire  Hberation  of 
epinephrin  from  the  adrenals  is  controlled  by  nerves. 

«  Proc.  Soc.  Exp.  Biol,  and  Med.,  April  18,  1917;  Jour,  of  Exper.  Med.,  xxvi, 
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5.  In  some  of  the  other  cats  the  residual  output  of  epinephrin 
was  so  small  that  it  was  doubtful  whether  it  was  being  liberated 
at  all  in  detectable  amount.  In  all,  the  rate  of  liberation,  even 
where  a  definite  output  could  still  be  detected,  was  reduced  to  a 
small  fraction  of  the  normal. 

.  6.  In  a  number  of  acute  experiments  on  cats  and  dogs,  the 
reduction  in  the  output  of  epinephrin  after  section  of  the  various 
possible  nerve  paths  to  the  adrenals  was  studied.  In  all,  epi- 
nephrin was  still  found  in  detectable  amount  in  the  blood  coming 
from  the  adrenals,  although  the  rate  of  liberation  was  reduced 
to  a  small  fraction  of  the  initial  amount.    '  • 
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Relation  of  the  spinal  cord  to  the  spontaneous  liberation  of 

epinephrin. 

By  G.  N.  Stewart  and  J.  M.  Rogoff. 

[From  the  H.  K.  Gushing  Laboratory  of  Experimental  Medicine, 
School  of  Medicine,  Western  Reserve  University,  Cleveland.] 

1.  In  acute  experiments  on  cats,  anesthetized  with  urethane, 
section  of  the  spinal  cord  in  the  cervical  region  caused  no  demon- 
strable diminution  in  the  rate  of  liberation  of  epinephrin  from  the 
adrenals  as  tested  by  allowing  the  adrenal  blood  collected  in  a 
cava  pocket  to  elicit  eye-reactions  (after  preliminary  excision  of 
the  superior  cervical  ganglion).  Four  such  experiments  were 
made.  The  cord  section  in  one  of  these  was  between  the  third 
and  fourth  cervical  vertebrae,  in  another  opposite  the  body  of  the 
fourth  cervical  vertebrae,  in  a  third  just  below  the  body  of  the 
fifth  cervical  vertebra,  and  in  a  fourth  cat  between  the  fifth  and 
sixth  cervical  vertebrae.  In  the  second  of  these  animals  the  blood 
was  collected  from  the  adrenal  vein  before  and  after  section  of  the 
cord.  The  epinephrin  assay  (by  rabbit  intestine  segments)  gave 
the  same  output  of  epinephrin  per  minute  after  as  before  the 
section.  The  blood  flow  from  the  adrenals  was  much  slower  after 
the  section,  but  was  correspondingly  richer  in  epinephrin. 

2.  In  two  survival  experiments  the  cord  was  cut  in  the  cervical 
region  (in  one  just  above  the  body  of  the  last  cervical  vertebra, 
in  the  other  at  the  level  of  the  body  of  that  vertebra).  In  the 
first  cat,  the  superior  cervical  ganglion  had  been  previously  excised. 
Two  days  after  the  cord  section  adrenal  blood  was  tested  by  the 
cava  pocket  method  and  gave  good  eye  reactions,  indicating 
a  fairly  good  liberation  of  epinephrin  (at  least  0.0004  mgm. 
per  minute).  In  the  second  experiment  blood  was  drawn  three 
days  after  the  cord  section  and  tested  on  rabbit  intestine  and 
uterus  segments.  Good  concentrations  of  epinephrin  were  found 
(i  :  1,500,000  in  the  fourth  adrenal  sample,  more  than  i  :  2,500,000 
and  less  than  i  :  1,500,000  in  the  second  adrenal  sample).  Al- 
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though  the  blood  flow  was  small  (0.3  gm.  per  minute  for  the  second 
sample)  a  substantial  liberation  of  epinephrin  was  demonstrated. 

3.  In  one  acute  experiment,  the  spinal  cord  was  cut  between 
the  fifth  and  sixth  cervical  vertebrse.  The  pupil  reaction  was  not 
noticeably  diminished.  The  cord  was  then  severed  between  the 
fourth  and  fifth  dorsal  vertebrae.  The  pupil  reaction  could  no 
longer  be  obtained.  When  the  cord  was  now  stimulated  with 
induction  shocks  between  the  fifth  and  sixth  dorsal  vertebra, 
and  blood  collected  in  the  cava  pocket  during  stimulation,  good 
eye  reactions  were  elicited  on  releasing  the  pocket. 

4.  In  one  survival  experiment,  the  cord  was  cut  between  the 
fifth  and  sixth  dorsal  vertebrae.  Three  days  afterwards  the  adrenal 
vein  blood  was  tested  by  the  cava  pocket  method  but  no  eye 
reactions  could  be  obtained.  The  pupil  gave  a  good  reaction  with 
0.2  c.c.  of  I  :  500,000  adrenalin.  On  intestine  segments  negative 
results  were  obtained  with  adrenal  blood,  although  a  concentration 
of  I  :  60,000,000  adrenalin  in  indifferent  blood  caused  a  distinct 
effect.  It  was  shown  that  the  adrenal  vein  blood  could  not  have 
contained  i  :  100  000,000,  and  that  the  discharge  of  epinephrin 
per  minute  could  not  have  been  at  most  0.000003  nigm.,  that  is, 
not  one  hundredth  of  the  output  to  be  expected  in  a  normal  cat 
under  the  experimental  conditions.  It  was  not  demonstrated  that 
any  epinephrin  was  present. 

5.  In  three  of  the  cats  with  the  cervical  card  transected  (i 
survival,  and  2  acute  experiments),  the  effect  on  the  eye  reactions 
of  severing  nerves  containing  the  fibers  concerned  in  the  liberation 
of  epinephrin  (sympathetics  and  splanchnics  in  thorax,  splanch- 
nics  in  abdomen,  and  other  nerves  coming  to  semilunar  ganglion, 
lumbar  sympathetic  chain)  was  studied.  The  eye  reactions  still 
obtainable  from  the  adrenal  blood  after  the  cervical  section  were 
greatly  weakened  or  abolished  after  the  division  of  those  nerves. 

6.  It  seems  to  follow  from  these  observations,  that  liberation 
of  epinephrin  from  the  adrenals  is  still  sustained  after  division  of 
the  cord  in  the  cervical  region  at  the  levels  mentioned,  and  that 
this  liberation  takes  place  through  the  splanchnic  and  other 
nerves  known  to  be  concerned  when  the  spinal  cord  is  still  con- 
nected with  the  brain.  The  contrast  between  the  epinephrin 
output  when  the  cervical  cord  has  been  divided  and  when  the  dorsal 
cord  has  been  divided  at  the  levels  mentioned  is  very  great. 
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The  demonstration  of  the  complete  dependence  of  the  spontaneous 
liberation  of  epinephrin  from  the  adrenals  upon  the  integrity  of  their 
nerve  supply  naturally  raises  the  question  where  the  central  mechan- 
ism which  sustains  this  secretion  is  situated.  We  are  not  aware  of 
the  existence  of  evidence  upon  this  point.  EUiott's  statement^  that 
exhaustion  of  the  store  of  epinephrin  in  the  adrenals  by  electrical 
excitation  of  afferent  nerves  does  not  occur  if  the  cord  is  transected 
anywhere  below  the  level  of  the  vasomotor  center  in  the  medulla  ob- 
longata, but  does  occur  when  transection  of  the  brain-stem  is  made 
just  above  the  anterior  corpora  quadrigemina,  has  no  direct  bearing 
on  the  question.  For  it  has  not  been  proved  that  the  exhau^ion  of 
the  store  is  due  entirely  or  mainly  to  increase  in  the  rate  of  hberation  of 
epinephrin,  on  which  Elliott  made  no  observations.  A  change  in  the 
amount  of  the  store  of  epinephrin  would  merely  show  that  some 
alteration  had  occurred  in  the  relation  between  the  rate  of  formation 
and  the  rate  of  discharge  of  the  epinephrin.  Nor  would  such  obser- 
vations even  if  they  were  accepted  as  proving  an  increase  in  the  lib- 
eration brought  about  reflexly  through  a  center  in  the  bulb  or  higher 
up,  give  any  indication  whether  the  steady  spontaneous  Hberation  of 
epinephrin  is  sustained  from  a  center  at  this  level.    Absence  of  effect 

*  A  note  on  this  work  was  published  in  the  Proc.  Soc.  Exp.  Biol,  and  Med., 
1916-17,  xiv,  143. 
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was  approximately  sixteen  times  as  great  as  in  the  second.  In  other 
words,  the  output  of  epinephrin  (0.0004  mg.  per  minute)  was  not 
altered  by  the  cord  section. 

It  might  be  objected  that  the  small  blood  flow  during  collection  of 
the  eighth  specimen  was  not  sufficient  to  prevent  partial  asphyxia 
of  the  adrenals,  and  that  by  some  direct  effect  of  this  condition  on  the 
cells  of  the  medulla  an  abnormal  Hberation  of  epinephrin,  not  medi- 
ated through  the  nervous  system,  took  place.  This  objection  is 
entirely  without  weight.  For  with  even  smaller  flows  through  adre- 
nals whose  innervation  has  been  interrupted  no  such  liberation  oc- 
curs.2  After  aU,  a  flow  of  about  100  gm.  of  blood  per  100  gm.  of  tis- 
sue, although  small  for  the  adrenal,  is  scarcely  a  starvation  allowance. 

It  might  much  more  plausibly  be  argued  that  the  calculated  output 
•  of  epinephrin  for  the  eighth  specimen  is  Kkely  to  be  less  than  the  true 
rate  after  section  of  the  cord,  provided  that  the  blood  flow  had  not 
diminished.  For  it  is  quite  unusual  to  find  under  any  circumstances 
in  adrenal  blood  collected  in  a  cava  pocket  a  much  greater  concentra- 
tion than  1: 1,000,000.  If,  then,  with  a  declining  rate  of  blood  flow 
the  maximum  possible  concentration  has  once  been  reached,  the  rate 
of  hberation  calculated  for  smaller  flows  wiU  be  less  than  the  gland 
is  capable  of  sustaining  under  the  given  experimental  conditions  with 
a  more  copious  flow  of  blood.  However,  it  is  only  when  the  calculated 
rate  of  liberation  for  the  smaller  flow  is  much  less  than  for  the  larger 
flow,  that  any  such  question  could  arise.  When  with  a  relatively 
small  blood  flow  the  calculated  output  of  epinephrin  per  minute  is 
as  great  as  with  a  larger  flow  all  our  experience  goes  to  show  that 
the  rate  of  output  calculated  from  the  concentration  and  the  blood 
flow  can  be  legitimately  compared  for  a  wide  range  of  blood  flows 
lying  above  this  smallest  flow. 

In  the  next  experiment,  the  cord  was  transected  at  a  slightly 
higher  level  between  the  third  and  fourth  cervical  vertebrae,  through 
the  fourth  segment  just  above  the  origins  of  the  fourth  pair  of  cer- 
vical nerves,  as  shown  at  autopsy.  The  spontaneous  Hberation  of 
epinephrin  was  studied  by  means  of  the  eye  reactions,  the  superior 

2  Stewart,  G.  N.,  and  Rogoff,  J.  M.,  Proc.  Soc.  Exp.  Biol,  and  Med.,  1916-17, 
xiv,  145;  Marine,  D.,  and  Rogoff,  J.  M.,  J.  Pharm.  and  Exp.  Therap.,  1916-17, 
ix,  1. 
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cervical  ganglion  having  been  previously  excised.  The  eye  reactions 
were  employed  because  they  afforded  a  convenient  m^ans  of  investi- 
gating the  effects  of  section  of  the  nerves  going  to  the  adrenals  upon 
the  spontaneous  liberation  after  section  of  the  cervical  cord. 

Experiment  2.    Condensed  Protocol. — Cat;  weight  2.19  kilos.    Left  superior 
cervical  ganglion  excised  6  days  before  the  experiment. 
9.30  a.m.    4  gm.  of  urethane  given  by  stomach  tube. 

10.30  a.m.  Tracheal  cannula  inserted  and  cervical  cord  exposed  between  the 
third  and  fourth  vertebrae.  Cava  pocket  made,  abdominal  aorta  and  renal  vessels 
being  tied. 

11.15  a.m.   Started  artificial  respiration. 


Time. 

Duration  of  pocket. 

Pupil  dilatation. 

a.m. 
11.20 

Pocket  experiment. 

2  min.,  40  sec. 

None. 

11.25 

5  " 

Small;  in  40-45  sec. 

11.32 

«  t< 

4    "    30  " 

"     "  31  sec. 

11.45 

Spinal  cord  cut  just  above 
body  of  fourth  cervical  ver- 
tebra. 

11.46 

Pocket  experiment. 

6  min.,  40  sec. 

Fair;   in  34  sec. 

11.55 

it  11 

4    "    15  " 

SmaU;  «  36  " 

p.m. 

12.02 

«  i< 

4    "    15  " 

"     "  35  " 

12.10 

Tied  intestinal  arteries;  cut 
major  and  minor  splanch- 
nics  on  both  sides  in  abdo- 
men. 

12.15 

Pocket  experiment. 

6  min.,  15  sec. 

Small;  in  38-40  sec. 

12.25 

It  It 

6    "    12  " 

"    "  43  sec. 

12.35 

Cut  both  sympathetics  in 
thorax  (including  splanch- 
nics)  below  last  rib. 

12.40 

Pocket  experiment. 

6  min.,  10  sec. 

None. 

12.50 

10    "    30  " 

it 

The  pocket  filled  very  slowly  throughout  the  experiment;  the  heart  was  feeble. 


In  this  experiment,  as  will  be  seen  from  the  protocol,  section  of  the 
cord  at  the  level  mentioned  caused  no  noteworthy  change  in  the  eye 
reaction,  certainly  no  clear  diminution.  The  circulation  was  poor 
both  before  and  after  the  section.  The  cava  pocket  filled  slowly  and 
the  interval  between  the  release  of  the  pocket  and  the  beginning  of 
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the  pupil  dilatation  was  correspondingly  long.  Yet  approximately  the 
same  time  of  collection  was  required  to  evoke  a  reaction  of  given 
magnitude  before  and  after  section  of  the  cord.  After  division  of  the 
splanchnics  in  the  abdomen  and  the  sympathetic  trunks  in  the  thorax 
no  eye  reactions  could  be  obtained,  even  with  much  longer  periods  of 
collection  in  the  pocket;  that  is,  the  Hberation  of  epinephrin  after  sec- 
tion of  the  cord  must  have  been  sustained  from  some  part  of  the  cord 
below  the  fourth  cervical  segment,  and  through  the  same  nerves  as 
with  intact  central  nervous  system. 

It  may  be  explained  here  that  even  when  the  cava  pocket  has  been 
kept  closed  for  so  long  a  period  that  it  is  unable  to  receive  any  more 
adrenal  vein  blood,  there  is  good  evidence  that  the  output  of  epinephrin 
still  goes  on  into  the  blood  of  the  adrenal  capillaries  at  an  approxi- 
mately constant  rate;  and  that  when  the  pocket  is  released  the  full 
effect  of  this  epinephrin  is  exerted  in  ehciting  the  eye  reactions  or 
increasing  the  blood  pressure,  just  as  if  the  blood  had  actually  passed 
into  the  pocket.  So  that  in  the  course  of  an  experiment,  the  reactions 
evoked  when  a  pocket  cHpped  off  for  a  given  length  of  time  is  released 
are  substantially  of  the  same  magnitude,  whether  the  pocket  has 
been  overfilled  or  underfilled  in  that  time.  Of  course,  the  interval 
after  which  the  reactions  occur  is  greatly  influenced  by  the  rate  of  the 
circulation,  since  the  epinephrin-containing  blood  released  from  the 
pocket  will  take  longer  to  reach  the  reacting  structures  with  a  slow 
than  with  a  rapid  blood  flow.  With  a  very  slow  flow,  also,  the  blood 
collected  in  a  pocket  may  be  so  small  in  amount  that  it  is  not  promptly 
or  completely  passed  into  the  circulation  on  release  of  the  pocket.  It 
is  further  to  be  expected  that  below  a  certain  rate  of  flow  the  function 
of  the  adrenal  medullary  ceUs,  as  already  suggested,  will  be  interfered 
with.  In  that  case,  the  steadiness,  for  given  conditions,  in  the  out- 
put of  epinephrin  per  unit  of  time,  which  is  so  strikingly  manifested 
over  a  wide  range  in  the  rate  of  the  blood  flow,  will  no  longer  be 
maintained.  Our  experience  shows,  however,  that  this  point  is  not 
easily  reached. 

In  the  next  experiment  transection  was  made  about  two  segments 
lower  in  the  cervical  cord,  in  order  to  locaHze  more  sharply  the  level 
of  the  cord  concerned  in  the  spontaneous  secretion  of  epinephrin. 
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Experiment  3.    Condensed  Protocol. — Cat;  weight  3.175  kilos.    Recent  parturi- 
tion.  Left  superior  cervical  ganglion  excised  1  week  before  the  experiment, 
9.45  a.m.    4  gm.  of  urethane. 

10.45  a.m.  Tracheal  cannula  inserted  and  cervical  cord  exposed  between  fifth 
and  sixth  vertebras.  Cava  pocket  prepared;  intestinal  and  renal  arteries  and 
abdominal  aorta  tied. 

11.30  a.m.  Left  pupil  wider  than  right,  both  nictitating  membranes  forward; 
cat  breathing  quite  well,  but  for  imiformity  of  observations  artificial  respiration 
was  started. 


Time. 

"Piir\i  1  Hil  3  fa  f  \c\t\ 

Reaction  of  nictitat- 
ing membrane. 

a.m. 
11.40 

1  ocket  expenment. 

1  min.,  30  sec. 

Doubtful. 

"KT 

None. 

11.42 

((  « 

2    "    30  " 

None. 

u 

11.45 

«  « 

3    "    45  " 

<< 

« 

11 .50 

5  " 

p.m. 

12.05 

r^ocket  expenment.  Lord 
stimulated  with  needle 
electrodes  one  segment 
below  the  exposed  part 
for  3  min. 

3 

12.15 

Left    sympathetic  and 
vagus  cut  in  neck. 

12.17 

Right  •sympathetic  cut 
in  neck. 

12.20 

Pocket  experiment. 

5  min.,  30  sec. 

Very  good;  in 

Very  good;  10 

12.26 

10  sec. 

sec. 

«  « 

1  " 

Good;  in  IS  sec. 

Good;  15  sec. 

12.30 

<<  u 

2  " 

Very  good;  in 

Very  good;  10.8 

12.37 

10.8  sec. 

sec. 

Spinal  cord  cut  just  be- 
low body  of  fifth  cervi- 
cal vertebra. 

12.41 

Pocket  experiment. 

2  min. 

Very  good;  in 

Very  good;  15 

12.45 

s 

15  sec. 

sec. 

1  " 

Good;  in  18.6 
sec. 

Good. 

With  each  period  of  stimulation  both  pupils  dilated  instantaneously,  and 
proportionally  to  the  same  extent,  but  th^  left  pupil  still  remained  wider  than  the 
right.  After  section  of  both  cervical  sympathetics,  stimulation  of  the  cord  stiU 
caused  dilatation  of  both  pupils.  At  autopsy  it  was  found  that  the  cord  had  been 
cut  between  the  fifth  and  sixth  cervical  segments. 


620 


SPONTANEOUS  LIBERATION  OF  EPINEPHRIN 


Time. 

Duration  of  pocket. 

Pupil  dilatation. 

Reaction  of  nictitat- 
ing membrane. 

p.m. 

12.50 

Major      and    .  minor 
splanchnics  in  abdo- 
men cut  on  both  sides. 

Pocket  experiment. 

2  min. 

Wotie. 

pjone. 

12.56 

«  it 

5  " 

Slight;  in  20-25 

« 

1 .05 

Right  semilunar  ganglion 
excised;  nerves  coming 
to  left  ganglion  cut. 
Circulation  getting 
leeDle. 

sec. 

1  19 

JTOLKCL  CAUCIILLICIIU. 

S  min   30  sec. 

None. 

None. 

1.25 

i(  a 

9   "    30  " 

Slight;  in  60-90 
sec. 

Slight. 

1.47 

t(  ti 

24  " 

Slight;  in  40-45 
sec. 

2.25 

((  « 

None, 

3.05 

"            "  with 

15  " 

« 

massage  of  adrenals. 

« 

3.30 

Injected  0.5  cc.  of  1:1,- 
600,000  adrenalin. 

(( 

3.35 

Injected  0.5   cc.   of  1: 
270,000  adrenalin. 

Slight;  in  40-50 
sec. 

Slight. 

In  this  animal  the  denervated  eye  reactions  were  employed  and  an 
interesting  prehminary  observation  was  made  upon  them  without 
some  reference  to  which  the  first  part  of  the  protocol  would  probably 
appear  as  puzzling  to  the  reader  as  the  observations  did  to  us  when 
they  were  being  made.    The  left  superior  cervical  gangUon  had 
been  excised  a  week  before  the  experiment.    The  eye  reactions  ought, 
therefore,  to  have  been  easUy  obtained  in  the  pocket  experiments 
made  between  11.40  and  12.05  before  section  of  the  cord.    In  the 
numerous  observations  made  by  us,  we  have,  apart  from  this  experi- 
ment, scarcely  ever  had  a  negative  result,  especially  with  a  duration 
of  occlusion  of  the  pocket  as  long  as  5  minutes,  and  with  the  good 
blood  flow  and  satisfactory  filling  of  the  pocket  which  existed  in  this 
cat    It  was  conceivable,  of  cours«,  that  for  some  reason  the  adrenals 
might  have  been  giving  off  much  less  epinephrin  than  usual;  or  that 
the  reactions  of  the  iris,  etc.,  might  have  been  unduly  depressed  by 
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the  anesthetic,  although  there  was  nothing  in  the  behavior  of  the 
animal  to  indicate  that  the  urethane,  a  very  uniform  anesthetic,  as  is 
well  known,  had  affected  this  animal  at  aU  differently  from  any  of 
the  others.  Desiring  to  increase  the  output  of  epinephrin  to  the 
maximum,  we  stimulated  the  cord  with  needle  electrodes,  hoping 
thus  to  strike  the  secretory  path,  but  again  with  a  negative  result  as 
regards  the  eye  reaction.  Even  with  the  collection  of  adrenal  blood  in 
the  pocket  for  as  long  as  3  minutes  during  stimulation  no  eye  reac- 
tions were  obtained.  Stimulation  of  the  cord,  however,  caused  im- 
mediate dilatation  of  the  pupils  of  both  eyes.  This  dilatation  was 
still  eHcited  after  section  of  both  vago-sympathetics  in  the  neck,  and 
may  be  attributed  to  stimulation  of  afferent  fibers  in  the  cord.  But 
the  interesting  point  was  that  after  section  of  the  cervical  sympathetics 
excellent  eye  reactions  were  now  evoked  with  collections  of  adrenal 
blood  in  the  cava  pocket  much  shorter  thin  those  which  gave  a  nega- 
tive result  before  division  of  the  nerves.  The  most  probable  conclu- 
sion would  seem  to  be  that  some  small  part  of  the  superior  cervical 
ganghon  had  escaped  excision,  and  that  the  innervation  of  the  eye 
through  the  cervical  sympathetic  was  not  entirely  interrupted, 
although  it  was  impossible  to  verify  this  at  autopsy  on  account  of  scar 
tissue.  The  change  in  the  sensitive  structures  of  the  iris  and  nicti- 
tating membrane,  on  which  the  increased  power  of  reaction  to  adre- 
nalin depends,  must  be  assumed  to  have  developed  as  usual  after 
removal  of  the  ganglion,  although  prevented  from  manifesting  itself, 
even  in  the  presence  of  a  quantity  of  epinephrin  more  than  sufl&cient 
to  evoke  good  reactions,  until  the  control  of  the  remaining  sympa- 
thetic fibers  was  removed. 

It  will  be  seen  from  the  protocol  that  after  section  of  the  cord  be- 
tween the  fifth  and  sixth  cervical  segments  excellent  pupil  and  nic- 
titating membrane  reactions  were  still  obtained.  The  reactions  were 
not  noticeably  less  for  equal  periods  of  collection  of  blood  in  the 
pocket  than  before  the  section,  although  the  interval  after  wliich 
they  occurred  was  somewhat  lengthened,  corresponding  to  the  slower 
blood  flow.  Subsequent  division  of  the  major  and  minor  splanchnics 
in  the  abdomen  greatly  weakened  the  reactions  and  increased  the 
time  of  collection  necessary  to  elicit  even  a  feeble  response.  Further 
section  of  fibers  coming  to  the  adrenals  abolished  the  reactions  even 
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with  very  long  periods  of  collection.  This  was  not  due  to  total  loss 
of  sensitiveness  of  the  reactive  structures  in  the  eye.  For  even  at 
the  end  of  the  experiment  a  slight  but  definite  response  was  still  ob- 
tained on  injection  of  0.002  mg.  of  adrenalin. 

As  a  first  approximation  towards  defining  the  lower  limit  of  the 
region  of  the  cord  concerned  in  the  spontaneous  Hberation  of  epi- 
nephrin  the  following  experiment  was  performed,  both  eye  reactions 
and  rabbit  segment  tests  being  employed. 

Experiment  4.    Condensed  Protocol. — Cat;  weight  1.72  kilos.    Left  superior 
cervical  ganglion  excised  8  days  before  the  experiment. 
10.00  a.m.    3.5  gm.  of  urethane. 

11.20  a.m.  Tracheal  cannula  inserted.  Cervical  and  dorsal  cord  exposed  for 
about  a  segment  at  each  point.  Long  cava  pocket  made  and  arteries  (renal, 
celiac,  mesenteric,  and  abdominal  aorta)  tied. 


Time. 

Duration  of  pocket. 

Pupil  dilatation. 

Reaction  of  nictitat- 
ing membrane. 

p.m. 
12.15 

Pocket  experiment. 

1  min.,  10  sec. 

Good;  in  8.8  sec. 

Positive;  11  sec. 

12. 

18 

«  <( 

2  " 

Very  good;  in 
8.8  sec. 

Very  good;  8.8 
sec. 

12 

22 

Cut  cord  between  fifth 
and  sixth  cervical  ver- 
tebrae. 

• 

12 

32 

Pocket  experiment. 

1  min.,  45  sec. 

Very  good;  in 
10.8  sec. 

Very  good  (a  lit- 
tle later). 

12 

35 

u  « 

2  " 

Very  good;  in 
11.2  sec. 

Very  good  (a  Ut- 
tle  later). 

12 

40 

Cut  cord  at  fourth  dorsal 
vertebra. 

12 

.49 

Pocket  experiment. 

2  min. 

None. 

None. 

12 

.55 

In  the  last  two  pocket 
observations  the  filling 
was  slower  than  be- 

3 " 

« 

fore. 

Very  good;  20.2 
sec. 

1 

.07 

Pocket  experiment  with 
stimulation  of  cord  be- 
tween fifth  and  sixth 
dorsal  vertebrse. 

3  min. 

Very  good;  in 
20.2  secf. 

1.20  p.m.  Put  cannula  in  lower  end  of  cava,  making  a  short  pocket, 
coUected  two  specimens  of  adrenal  blood.    First  specimen,  1.6  gm.  in  5 
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45  sec.  (0.3  gm.  per  min.);  second  specimen,  3.7  gm.  in  20  min.  (0.2  gm.  per 
min.).  With  the  pocket  still  clipped  off,  blood  was  obtained  from  the  abdom- 
inal aorta. 

The  left  adrenal  weighed  0.214  gm.  and  contained  0.12  mg.  of  epinephrin;  the 
right  adrenal  weighed  0.238  gm.  and  contained  0.12  mg.  of  epinephrin. 

The  experiment  shows  that  after  transection  of  the  cord  between 
the  fifth  and  sixth  cervical  vertebrae  (through  the  fifth  cervical  seg- 
ment, just  below  the  fifth  pair  of  nerve  roots,  as  foimd  at  autopsy)  the 
eye  reactions  were  elicited  by  the  adrenal  blood,  apparently  in  the  same 
strength  for  a  given  time  of  closure  of  the  cava  pocket  as  before  the 
section,  although  the  interval  between  release  of  the  pocket  and  the 
beginning  of  the  pupil  dilatation  was  somewhat  lengthened,  as  would 
necessarily  be  the  case  owing  to  the  lowered  blood  pressure  and  di- 
minished speed  of  the  blood.  When  the  cord  was  now  cut  between 
the  fourth  and  fifth  dorsal  vertebrae  (between  the  third  and  fourth 
segments,  as  shown  at  autopsy)  no  eye.  reactions  could  be  obtained 
even  with  longer  periods  of  occlusion  of  the  pocket  than  sufficed  to 
cause  excellent  reactions  just  before.  That  the  negative  result  was 
not  due  to  diminished  blood  flow,  but  that  the  adrenals  were  still 
capable  of  secreting  epinephrin  actively,  was  proved  by  stimulating 
the  cord  electrically  by  needle  electrodes  inserted  one  above  the  fifth, 
and  the  other  above  the  sixth  dorsal  spine  while  the  adrenal  blood  was 
being  collected  in  the  pocket.  Very  good  eye  reactions  followed  the 
opening  of  the  pocket,  naturally  after  a  longer  interval  than  before 
the  dorsal  section,  corresponding  to  the  slower  blood  flow.  The  adre- 
nal blood  specimens  now  drawn  off  were  so  smaU  that  it  was  not 
quite  certain  whether  some  of  the  epinephrin  in  them  might  not  have 
been  hberated  during  the  manipulations  in  inserting  the  cannula. 
Despite  this,  however,  the  concentration  found  even  in  the  first  speci- 
men was  somewhat  less  than  1 : 17,000,000,  corresponding  to  an  output 
of  epinephAn  per  minute  of  0.00002  mg.;  that  is,  far  below  any  con- 
centration or  output  ever  met  with  in  the  cat  with  intact  adrenal 
innervation. 

The  experiments  next  to  be  considered,  in  which  the  animals  were 
allowed  to  survive  2  or  3  days  after  the  cord  section^  before  the  epi- 
nephrin output  was  tested,  so  that  any  possible  irritative  discharge 

'All  the  operations  were  performed  under  ether  anesthesia. 


624 


SPONTANEOUS  LIBERATION  OF  EPINEPHRIN 


might  be  eliminated,  yield  clear  evidence  that  transection  of  the 
dorsal  cord  at  the  level  mentioned  in  the  last  experiment,  or  even  a 
segment  higher  reduces  the  rate  of  Hberation  almost  to  zero.  Tran- 
section one  segment  lower  abob'shed  the  Hberation  entirely,  or  at  least 
reduced  it  so  much  that  no  epinephrin  could  be  detected  in  the  adre- 
nal blood  by  sensitive  rabbit  intestine  and  uterus  segments.  The 
upper  limit  of  the  portion  of  the  cord  related  to  the  spontaneous  lib- 
eration of  epinephrin  was  also  further  defined  by  survival  experiments 
and  these  may  be  taken  first. 

Experiment  5.  Condensed  Protocol. — Cat;  weight  2.17  kilos.  Cord  tran- 
sected at  the  level  of  the  body  of  the  last  cervical  vertebra  3  days  before  the 
experiment.  Animal  in  fairly  good  condition.  Anesthetized  with  ether  for  the 
insertion  of  the  tracheal  cannula;  thereafter  no  more  ether  was  required  as  the 
operative  field  was,  of  course,  absolutely  anesthetic  because  of  the  previous 
spinal  cord  section.  Cava  pocket  made  with  ligation  of  all  the  usual  arteries. 
Cannula  inserted  in  lower  end  of  pocket  (short  pocket)  and  the  following  sam- 
ples of  adrenal  blood  collected. 


No.  of  adrenal 
specimen. 

Blood  collected . 

Time  of  collection. 

Blood  flow  per  min. 

gm. 

gm. 

1 

2.4 

4  min.,  50  sec. 

0.5 

2 

2.2 

7   "    30  " 

0.3 

3 

2.1 

9  " 

0.23 

4 

2.2 

17   "    30  " 

0.13 

While  the  pocket  was  still  clipped  ofF  blood  was  obtained  from  the  abdominal 
aorta.  While  the  pocket  was  being  tied  off  some  blood  was  left  in  it  and  the  first 
adrenal  specimen  was  therefore  somewhat  diluted.  The  autopsy  showed  that 
the  cord  had  been  divided  between  the  last  cervical  and  the  first  thoracic  segments. 
Combined  weight  of  adrenals  0.362  gm. 


In  survival  experiments  it  is  not  so  easy  as  in  acute  experiments  to 
decide  whether  transections  of  the  cervical  cord  leave  the  rate  of 
liberation  of  epinephrin  unaltered,  or  somewhat  diminish  it  because 
the  rate  before  and  after  the  section  cannot  be  compared  on  the  same 
animal  within  a  short  interval  of  time.  All  that  can  be  done  is  to 
determine  whether  the  residual  output  after  the  cervical  section  is 
within  the  range  estabhshed  for  animals  under  the  same  experimental 
conditions,  but  with  intact  central  nervous  system.    In  Experiment 
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5,  as  wiU  be  seen  from  the  specimens  of  rabbit  intestine  and  uterus 
tracings  reproduced  in  Figs.  4  to  6,  concentrations  of  epinephrin 
within  the  normal  range'-  were  found  in  the  adrenal  blood  sam- 
ples collected  after  section  of  the  cervical  cord  between  the  last  cer- 
vical and  the  first  thoracic  segments. 

The  adrenaUn  assays  on  the  intestine  segments  gave  a  concentra- 
tion, in  the  fourth  adrenal  specimen,  of  about  1:  1,500,000  (Fig.  4, 
Observation  19;  Fig.  5,  Observation  27);  and  in  the  second  adrenal 
specimen  a  concentration  greater  than  1:2,500,000  and  less  than 
1:1,500,000  (Fig.  4,  Observation  21;  Fig.  5,  Observations  29  and 
27).  Taking  the  concentration  in  the  second  specunen  as  1 :  2,000,000, 
we  get  a  liberation  of  epinephrin  per  minute  of  not  quite  0.0002  mg. 
(0.0001  mg.  per  kilo  of  body  weight).  It  may  be  considered  certain 
that  the  output  which  the  glands  would  have  been  capable  of  main- 
taining with  a  more  nearly  normal  blood  flow  was  at  any  rate  not  less 
than  this.  It  might  have  been  more,  since  as  already  mentioned, 
we  rarely  encounter  concentrations  of  more  than  1 : 1,000,000  in 
adrenal  blood  collected  under  our  experimental  conditions;  and  there- 
fore the  .point  might  already  have  been  passed  at  which  the  decHn- 
ing  blood  flow  can  be  compensated  by  increased  concentration  of 
epinephrin. 

The  fact  that  it  was  not  necessary  to  administer  an  anesthetic  in  order  to  col- 
lect the  adrenal  blood  in  this  animal,  since  the  cord  section  had  rendered  the  oper- 
ative field  totally  insensitive,  has  probably  no  bearing  on  the  question  whether 
the  rate  of  output  was  somewhat  diminished  by  the  cervical  section.  For  al- 
though some  writers  have  assumed  that  anesthetics  markedly  increase  the  rate 
of  liberation  of  epinephrin,  there  is  no  real  proof  of  this.  In  any  case,  if  the 
anesthetic  exerts  its  effect  through  the  higher  parts  of  the  central  nervous  sys- 
tem, the  administration  of  an  anesthetic  could  not  have  increased  the  output  of 
epinephrin  in  this  animal.  In  reference  to  the  experiments  (Nos.  1  to  4) 
in  which  the  epinephrin  output  was  determined  immediately  after  section  of 
the  cervical  cord,  it  might  be  asked,  however,  whether  the  anesthetic  had  not 
already  aboUshed  the  activity  of  any  portion  of  the  brain  or  bulb  which  might 
be  related  to  the  epinephrin  secretion.  Division  of  the  cervical  cord  would  in 
that  case  cause  no  diminution  in  the  output  of  epinephrin  if  made  above  the  level 
of  the  spinal,  center.  An  assumption  equally  plausible,  but  at  present  equally 
devoid  of  experimental  basis,  is  that  anesthetics  abolish  or  lessen  an  inhibition 
of  the  spinal  center  from  a  center  in  the  brain.  On  this  hypothesis,  the  output 
of  epinephrin  seen  after  cervical  cord  section  would  be  considered  as  greater, 
not  smaller,  than  the  normal  output  with  intact  central  nervous  system. 
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The  progressive  increase  in  the  concentration  of  epinephrin  in  suc- 
cessive adrenal  blood  samples  associated  with  gradual  diminution  in 
the  rate  of  blood  flow  is  well  brought  out  in  the  intestine  tracings 
reproduced  in  Fig.  4,  and  still  better  in  the  uterus  tracings  in  Fig. 
6.  This  phenomenon  and  what  underlies  it— the  stability  in  the  rate 
of  epinephrin  discharge— is  so  characteristic  when  adrenal  blood  is 
collected  with  intact  central  nervous  system,  that  its  occurrence 
after  spinal  section  lends  support  to  the  conclusion  that  the  secre- 
tion of  epinephrin  when  the  connection  of  the  cord  with  the  brain 
has  not  been  interrupted  is  also  sustained  largely,  if  not  entirely,  from 
the  cord. 

In  the  next  experiment  the  eye  reactions  were  studied  in  a  cat  2 
days  after  section  of  the  cord  just  above  the  body  of  the  seventh 
cervical  vertebra. 

Experiment  6.  Condensed  Protocol. — Cat;  weight  2.825  kilos.  Left  superior 
cervical  ganglion  excised  1  week,  and  spinal  cord  divided  2  days  before  the  ex- 
periment, just  above  the  body  of  the  last  cervical  vertebra. 

10.00  a.m.  Anesthetized  with  ether  while  the  tracheal  cannula  was  being  in- 
serted; thereafter  no  more  ether  was  required  as  the  operative  field  was  neces- 
sarily absolutely  insensitive  because  of  the  previous  section  of  the  cord. 

10.05  a.m.  The  abdomen  was  opened  and  the  cava  pocket  made,  aU  the  usual 
arteries  being  tied. 


Time. 

Duration  of 
pocket. 

Pupil  dilatation. 

Reciction  of  nictitat- 
ing membrane. 

a.m. 

10.28 

Pocket  experiment. 

1  min. 

Small;    in  20 
sec. 

Small  (shortly 
after  pupil). 

10.30 

2  " 

Good;  in  15  sec. 

Good;  15  sec. 

10.45 

Injected  0.5  cc.  (1:330,000)  of 

Very  good;  in 

Very  good;  15 

adrenalin  into  jugular  vein. 

15  sec. 

sec. 

10.50 

Injected  0.25  cc.  (1 :  330,000)  of 
adrenalin  into  jugular  vein. 
The  eye  reactions  after  this 
injection  were  about  the  same 
or  slightly  less  than  in  the  ob- 
servation at  10.30  a.m. 

Good;  in  17.2 
sec. 

Good;  17.2  sec. 

10.55 

Pocket  experiment. 

1  min. 

Very  slight;  in 
25  sec. 

None. 

10.58 

"  "  The  re- 
actions were  about  the  same 
as  at  10.50  a.m. 

2  " 

Good;    in  21 
sec. 

Good;  21  sec. 
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Time. 

Duration  of 
pocket. 

Pupil  dilatation. 

Reaction  of  nictitat- 
ing membrane. 

a.m. 
11.02 

11.10 
11.20 
11.25 

11.30 

11.37 
11.45 

11.55 

12.00 

p.m. 
12.50 

Pocket  experiment.   The  reac- 
tions were  about  the  same  as 
at  10.45  a.m. 

Cut  nerves  to  both  semilunar 
ganglia  in  abdomen. 

Pocket  experiment.    Pocket  not 
so  well  filled  as  before. 

Pocket  experiment.   The  reac- 
tion was  about  the  same  as  at 
10.58  a.m. 

Both  semilunar  ganglia  extir- 
pated. 

Pocket  experiment. 

"            "        Pocket  filled 
very  slowly. 

Cut  lumbar  sympathetic  chain 
iiiQt  Hplnw  flianlirafrm 

JUoU  UCIL/ w  met  L^u.± III. 

Pocket  experiment.    Very  poor 
flow. 

Pocket  experiment.  Better  flow. 

3  min.,  40 
sec. 

3  min. 
5  " 

5  min. 
8  " 

25  min. 
10  " 

Very  good;  in 
16.8  sec. 

None. 

Distinct;  in 
23.4  sec. 

None. 

Slight;   in  41 
sec. 

Slight;  in  90 
sec. 

Slight;  in  60 
sec. 

Very  good;  16.8 
sec. 

• 

None. 
Distinct. 

None. 
« 

None. 

The  autopsy  showed  that  the  cord  was  divided  through  the  seventh  cervical 
segment,  immediately  below  the  origins  of  the  seventh  pair  of  nerves. 


The  fact  that  adrenal  blood  collected  in  the  cava  pocket  caused 
good  eye  reactions  was  ascertained.  It  was  shown  by  the  injection 
of  adrenalin  solution  that  the  amount  of  epinephrin  secreted  per 
minute  was  about  0.0004  mg.  (0.00015  mg.  per  kilo  of  body  weight 
per  minute) ;  this  is  a  substantial  output,  although  considerably  less 
than  the  average,  as  estimated  .by  eye  reactions,  in  cats  with  intact 
central  nervous  system.'*  Various  nerves  going  to  the  adrenals  were 
then  divided  and  the  effect  in  diminishing  the  eye  reactions  was  noted. 
After  division  of  the  fibers  coming  to  the  semilunar  gangHa,  the  eye 
reactions  eHcited  by  adrenal  vein  blood  collected  in  the  cava  pocket 
were  markedly  diminished.  A  3  minute  collection  gave  no  reactions, 
whereas  before  the  nerve  section  a  1  minute  collection  caused  a  sHght 

*  Stewart  and  Rogoff,  /.  Pharm.  and  Exp.  Therap.,  1916-17,  ix,  479, 
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effect  on  the  pupil,  and  a  2  minute  collection  good  dilatation  of  the 
pupil  and  retraction  of  the  nictitating  membrane.  After  removal  of 
both  semilunar  ganglia,  which,  of  course,  insured  the  section  of  any 
strands  coming  to  the  ganglia  overlooked  in  the  previous  section,  a 
5  minute  collection  of  adrenal  blood  caused  no  eye  reactions,  although 
previously  a  2  minute  collection  gave  good  reactions.  On  release  of 
a  pocket  occluded  for  8  minutes,  a  small  dilatation  of  the  pupil  was 
obtained. 

In  connection  with  the  fact  that  sKght  eye  reactions  were  still 
elicited  with  long  periods  of  closure  of  the  cava  pocket  even  after 
extensive  section  of  possible  nerve  paths  to  the  adrenal  glands,  it 
must  be  pointed  out  that  these  nerve  sections  entail  considerable 
manipulation  of,  and  in  the  neighborhood  of,  the  adrenals.  With 
the  slow  blood  flow  toward  the  end  of  the  experiment,  epinephrin  hb- 
erated  by  massage  would  take  long  to  be  completely  washed  out. 
It  may  be  concluded  that  even  the  feeble  reactions  obtained  after 
these  nerve  sections  were  not  due  entirely  to  genuinely  secreted 
epinephrin,  •  Survival  experiments  pubhshed  elsewhere^  have  shown 
that  the  epinephrin  output  after  section  of  the  adrenal  nerves  is  either 
abolished  or  reduced  so  much  as  to  be  incapable  of  detection  by  sen- 
sitive rabbit  intestine  and  uterus  segments.  On  the  other  hand,  in 
acute  experiments  after  the  same  nerve  sections,  although  the  out- 
put of  epinephrin  is  greatly  reduced,  a  content  capable  of  detection  is 
usually  still  foimd  in  adrenal  blood. 

It  may,  therefore,  be  confidently  assumed  that  the  whole  output 
of  epinephrin  from  the  adrenals  after  section  of  the  cervical  cord  near 
its  lower  limit  is  mediated  through  the  same  nerves  which  are  con- 
cerned in  the  hberation  with  intact  nervous  system. 

The  last  two  survival  experiments  to  be  quoted  were  made  for  the 
purpose  of  defining  more  exactly  the"  lower  limit  of  the  spinal  region 
concerned  in  the  epinephrin  secretion. 

Experiment  7.  Condensed  Protocol. — Cat;  weight  1.59  kilos.  Left  superior 
cervical  ganglion  excised  6  days  before  the  experiment  and  spinal  cord  transected 
between  the  fifth  and  sixth  thoracic  vertebra  3  days  before  the  experiment. 
Condition  good.  The  autopsy  showed  cord  section  between  the  fifth  and  sixth 
thoracic  segments. 

2.00  p.m.    Ether  was  given  while  the  tracheal  and  jugular  cannulas  were 
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inserted.  Thereafter  no  more  ether  was  reqixired  as  the  operative  field  was,  of 
course,  totally  insensitive  owing  to  the  cord  section.  A  specimen  of  jugular 
blood  was  obtained.  A  long  cava  pocket  was  prepared;  the  renal  arteries  and 
abdominal  aorta  were  tied. 

2.45  p.m.    Pocket  experiment,  1  minute,  25  seconds.    No  eye  reactions. 

2.48  p.m.    Pocket  experiment,  3  minutes,  20  seconds.    No  eye  reactions. 

The  blood  flow  was  good;  the  pocket  filled  well. 

3.00  p.m.  Intestinal  arteries  tied.  Cannula  put  in  lower  end  of  pocket  (now 
made  into  a  short  pocket).    Adrenal  blood  specimens  collected  as  follows: 


No.  of  adrenal  specimen. 

Blood  collected. 

Time  of  collection. 

Blood  flow  per  min. 

gm. 

gm. 

1 

1.5 

1  min.,  25  sec. 

1.0 

2 

3.2 

4   "    30  " 

0.7 

3 

3.5 

10  " 

0.35 

4 

2.2 

10  " 

0.22 

Through  a  cannula  in  the  jugular  vein  inserted  under  ether  anesthesia  the 
following  injections  were  made:  0.5  cc.  (1:500,000)  of  adrenalin;  good  pupil  and 
nictitating  reactions  in  15  seconds.  0.2  cc.  (1:  500,000)  of  adrenalin;  smaU  nicti- 
tating reaction  in  17  seconds;  small  pupil  reaction  in  25  seconds.  While  the 
pocket  was  still  clipped  oflf  blood  was  obtained  from  the  abdominal  aorta. 

Left  adrenal  weighed  0.206  gm.  and  contained  0.20  mg.  of  epinephrin;  the 
right  adrenal  weighed  0.194  gm.  and  contained  0.18  mg.  of  epinephrin. 

In  this  cat  3  days  after  transection  of  the  cord  between  the  fifth 
and  sixth  thoracic  segments  no  eye  reactions  could  be  evoked  by 
adrenal  blood  even  with  relatively  long  periods  of  collection  in  the 
cava  pocket,  periods  which  would  certainly  have  given  good  reactions 
either  with  intact  central  nervous  system  or  with  the  cord  cut  in  the 
cervical  region.  The  reactions  were  not  lacking  because  the  iris 
and  nictitating  membrane  were  incapable  of  responding  to  small  quan- 
tities of  epinephrin.  For  even  at  an  advanced  period  in  the  experi- 
ment, after  the  withdrawal  of  several  samples  of  adrenal  blood  through 
a  cannula  in  the  cava,  good  eye  reactions  were  obtained  on  injection 
of  0.001  mg.  of  epinephrin,  and  quite  detectable  reactions  on  injec- 
tion of  0.0004  mg.  Tested  with  rabbit  intestine  and  uterus  seg- 
ments, the  adrenal  blood  gave  a  negative  result  (Fig.  7,  Observation 
27;  Fig.  8,  Observations  6  and  12),  although  a  concentration  of  epi- 
nephrin of  1:60,000,000  (Fig.  8,  Observation  37)  could  easily  have 
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been  detected  by  the  intestine.  There  was  evidence  that  the  adre- 
nal blood  (third  specimen)  could  not  have  contained  even  1 :  100,000,- 
000  epinephrin,  corresponding  to  an  output  of  at  most  0.000003  mg. 
per  minute,  not  one-hundredth  of  the  output  to  be  expected  in  a 
normal  cat  under  the  experimental  conditions.  It  must  be  repeated 
that  there  was  no  evidence  that  any  epinephrin  was  beuig  discharged 
by  the  adrenals.  Nothing  could  be  more  striking  than  the  contrast 
between  the  concentration  and  output  per  minute  of  epinephrin  in 
this  cat  and  in  those  whose  spinal  cord  was  transected  towards  the 
lower  level  of  the  cervical  region.  For  instance,  the  concentration  in 
the  second  adrenal  specimen  in  Experiment  5  was  1:  2,000,000;  and 
the  calculated  output  per  minute,  0.0002  mg.  Even  when  the  cord 
was  divided  (Experiment  8)  two  segments  higher  in  the  dorsal  region, 
through  the  third  thoracic  segment,  although  a  slight  epinephrin  lib- 
eration was  detected  by  intestine  segments,  the  output  was  enor- 
mously reduced  (to  0.000006  mg.  per  minute). 

Experiment  8.  Condensed  Protocol. — Cat;  weight  3.65  kilos.  Left  superior 
cervical  ganglion  excised  10  days  before  the  experiment.  Spinal  cord  transected 
between  the  third  and  fourth  dorsal  vertebrae  3  days  before  the  experiment. 
Condition  excellent.  Ether  anesthesia  was  used  throughout  the  experiment. 
Long  cava  pocket  prepared  in  the  usual  manner,  renal,  celiac,  and  mesenteric, 
arteries,  and  abdocoinal  aorta  being  tied. 


Time. 

Duration  of  pocket. 

Pupil  dilatation. 

Reaction  of  nictitat- 
ing membrane. 

a.m. 

11.00 

1  min.,  20  sec. 

None. 

None. 

11.05 

1    "    50  " 

11 

11.10 

3  " 

it 

« 

11.15 

5  " 

(t 

« 

11.30 

Injected  0.5  cc.  (1:  530,- 

Excellent;  in 

Excellent;  10.6 

000)  of  adrenalin  into 

10.6  sec. 

sec. 

jugular  vein. 

Very  good;  14.8 

11.35 

Injected  0.2  cc.  (1:530,- 

Very  good;  in 

000)  of  adrenalin  into 

14.8  sec. 

sec. 

jugular  vein. 

11.38 

Injected    0.5  cc.  (1:2,- 
000,000)  of  adrenalin 
into  jugular  vein. 

Small;    in  22 
sec. 

None. 

11.40 

Injected  0.5  cc.  (1:2,- 
000,000)  of  adrenalin 
into  jugular  vein. 

Small;   in  22 

sec. 

tt 
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11.55  a.m.    Obtained  indifferent  blood  from  the  other  jugular. 
12.00  m.    Inserted  cannula  in  cava  (short  pocket)  and  coUected  adrenal 
blood  as  follows: 


No.  of  adren.-il  specimen. 

Blood  collected. 

Time  of  collection. 

Blood  flow  per  min. 

gm. 

gm. 

1 

3.6 

2  min. 

1.8 

2 

8.8 

6  " 

1.46 

3 

5.0 

6  " 

0.83 

4 

5.5 

7    "    30  sec. 

0.73 

5  ■ 

4.0 

6  " 

0.66 

While  the  pocket  was  still  clipped  off  a  second  specimen  of  indifferent  blood 
(jugular)  was  obtained.  The  autopsy  showed  that  the  spinal  section  (between 
the  third  and  fourth  dorsal  vertebrae)  was  through  the  origins  of  the  third  pair  of 
thoracic  nerves.  The  bloods  were  tested  on  rabbit  segments.  The  right  adrenal 
weighed  0.200  gm.  and  contained  0.18  mg.  of  epinephrin;  the  left  adrenal  weighed 
0.208  gm.  and  contained  0.18  mg.  of  epinephrin. 

The  concentration  of  epinephrin  in  the  third  adrenal  specimen  (Fig.  9,  Obser- 
vation 30)  was  distinctly  less  than  1:135,000,000  (Observation  32),  and  very 
much  less  than  1:  70,000,000  (Observation  28).  The  concentration  in  the  fifth 
adrenal  specimen  was  somewhat  greater  than  1 : 135,000,000.  The  eye  reactions 
were  negative,  even  when  the  cava  pocket  was  dosed  for  as  much  as  5  minutes, 
although  the  injection  of  0.00025  mg.  of  epinephrin  gave  a  definite  pupil  dilata- 
tion, and  the  injection  of  0.0004  mg.  a  very  good  dilatation  of  the  pupil  and  re- 
traction of  the  nictitating  membrane. 

The  results  of  the  whole  series  of  experiments  are  singularly  con- 
sistent, particularly  in  view  of  the  fact  that  there  has  been  no  selec- 
tion of  experiments.  The  eight  experiments  comprise  all  those  per- 
formed, except  one  which  has  not  been  reported  because  the  animal 
died  before  it  was  satisfactorily  completed.^    The  results  indicate 

*  In  this  animal  the  cord  was  divided  between  the  second  and  third  thoracic 
vertebrae,  just  below  the  origins  of  the  second  thoracic  nerves,  or  nearly  a 
segment  higher  than  the  highest  dorsal  section  in  the  experiments  reported. 
3  days  afterwards  the  eye  reactions  (the  left  superior  cervical  gangUon  had 
been  excised  a  week  before  the  experiment)  were  foimd  negative  with 
collections  in  the  cava  pocket  up  to  more  than  3  minutes,  although  very 
good  pupil  and  nictitating  reactions  were  eHcited  by  injection  of  0.0015  mg.  of 
epinephrin,  and  slight  reactions  by  the  injection  of  0.0006  mg.  The  blood  flow 
at  the  time  of  these  observations  was  quite  satisfactory,  but  the  animal  died  be- 
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clearly  that  there  exists  in  the  cord  between  the  last  cervical  segment 
and  the  fourth  thoracic  segment  a  mechanism  which  sustains  the 
output  of  epinephrin  from  the  adrenal  glands  after  the  cord  is  severed 
from  the  higher  parts  of  the  central  nervous  system.  The  experi- 
ments prove  definitely  that  the  center  does  not  extend  lower  than  the 
thoracic  segment  mentioned,  and  that  at  least  an  important  part  of 
it  lies  below  the  level  of  the  last  cervical  segment.  The  possibiHty, 
however,  is  not  excluded  that  the  center  may  extend  for  some  dis- 
tance above  the  last  cervical  segment.  It  is  of  interest  in  connection 
with  the  currently  accepted  view  of  the  development  of  the  adrenal 
medulla,  that  the  portion  of  the  cord  at  which  the  sympathetic  outflow 
begins  should  be  identified  as  a  center  controlling  the  liberation  of 
the  only  constituent  of  its  secretion  hitherto  definitely  recognized.  If 
epinephrin  in  the  quantities  and  concentrations  in  which  it  appears  in 
the  adrenal  blood  could  be  shown  to  fulfil  an  important  ofiice  in  main- 
taining the  function  of  the  sympathetic  by  activating  certain  of  its 
elements,  or  by  heightening  or  prolonging  the  effects  resulting  from  its 
excitation,  the  location  of  an  epinephrin  center  in  the  sympathetic 
region  of  the  cord  might  perhaps  acquire  a  new  significance.*  It  might 

fore  adequate  adrenal  blood  samples  could  be  drawn  off  from  the  cannula  in  the  ^ 
cava.  The  small  quantity  of  adrenal  blood  obtained  while  the  blood  was  flowing 
very  slowly  showed  a  good  concentration  of  epinephrin  as  tested  on  the  rabbit 
segments.  Since  the  eye  reactions  cannot  in  general  detect  outputs  of  epinephrin 
easily  detectable  by  the  rabbit  segments,  this  result,  although  no  great  stress 
can  be  laid  upon  it  in  the  absence  of  better  samples  of  adrenal  blood,  is  quite  con- 
sistent with  the  general  conclusion  deduced  from  the  other  experiments  as  to  the 
position  and  limits  of  the  portion  of  the  cord  concerned  in  epinephrin  secretion 
from  the  adrenals.  • 

6  It  is  difiicult  to  demonstrate  that  the  epinephrin  spontaneously  liberated 
from  the  adrenals  has  any  effect  upon  the  blood  pressure  unless  its  action  is  ac- 
cvunulated  by  collecting  the  adrenal  blood  in  a  cava  pocket  and  then  releasing 
it.  The  majority  of  recent  observers  have  not  seen  any  change  in  the  blood 
pressure  when  the  adrenal  veins  are  carefully  clipped.  On  the  denervated  eye, 
however,  we  have  observed  a  phenomenon  which  indicates  that  even  the  small 
concentrations  of  epinephrin  which  can  exist  in  the  capillary  blood  when  the 
adrenal  blood  is  passing  steadily  into  the  circulation  without  being  accumulated 
in  the  cava  pocket  can  produce  a  demonstrable  effect  upon  these  extraordinarily 
sensitive  objects.  When  the  pupil  has  been  dilated  or  the  nictitating  membrane 
retracted  by  release  of  adrenal  blood  collected  in  the  cava  pocket,  the  dilatation 
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then  be  permissible  to  speculate  upon  the  possibility  that  the  relative 
constancy  of  the  epinephrin  discharge,  so  puzzling  on  the  hypothesis  that 
it  directly  influences  physiological  events  in  virtue  of  the  truly  gross 
changes  necessary  to  produce  a  detectable  hyper-  or  hypoadrenalin- 
emia,  is  associated  with  a  more  general  and  permanent  action  upon 
the  sympathetic  mechanisms,  which  does  not  entail  the  necessity  of 
abrupt  outbursts  and  remissions  in  the  rate  of  liberation.  To  em- 
ploy a  simile  which  is  doubtless  excessively  crude:  if  epinephrin  is  not 
the  horse  in  the  sympathetic  machine,  which  must  go  now  faster,  now 
slower;  nor  even  the  whip  which  must  sometimes  be  wielded  vigor- 
ously and  then  be  laid  aside,  is  it  not  perhaps  the  lubricant  which, 
whether  the  axle  turns  fast  or  slow,  need  not  vary  much  in  amount? 

The  possibiUty  must,  however,  not  be  lost  sight  of,  that  epinephrin 
although  the  first  definite  constituent  of  the  adrenal  secretion  to  be 
discovered  is  not  the  only,  nor  the  most  important  one  which  exists. 
It  is  diflScult  to  conceive  of  a  nervous  control  so  complete  as  that 
which  governs  the  output  of  epinephrin  being  developed  in  the  case 
of  a  substance  functionally  unimportant.  Yet,  as  we  have  shown 
in  another  place,^  the  output  of  epinephrin  from  the  adrenals  in  cats 
is  greatly  and  permanently  reduced  or  abolished  by  section  of  the  adre- 
nal nerves  without  apparently  interfering  with  the  life  or  health  of 
the  animal.  Section  of  the  dorsal  cord  which,  as  has  been  shown  above, 
produces  a  similar  effect  upon  the  output  of  epinephrin  is  also  well 
known  to  be  compatible  with  good  health  and  long  survival.  Is  there 
perhaps  some  as  yet  unknown  substance  of  more  importance  than 
epinephrin  which  is  normally  given  off  from  the  adrenals  under  the 
influence  of  nerves,  the  secretion  of  which  is  eventually  resumed  after 
the  nerves  have  been  severed? 

SUMMARY. 

1.  After  section  of  the  spinal  cord  in  cats  in  the  cervical  region,  as 
low  as  the  last  cervical  segment,  epinephrin  continues  to  be  liberated 
from  the  adrenal  glands.    This  liberation  has  all  the  characters  of 

of  the  pupil  disappears  more  slowly  and  the  nictitating  membrane  comes  forward 
more  gradually  when  the  pocket  is  left  open  than  when  it  is  clipped.  Obviously, 
the  steadily  liberated  epinephrin  exerts  an  effect  in  prolonging  the  reactions  once 
they  have  been  elicited. 
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the  normal  secretion  with  intact  central  nervous  system.    It  is  sus 
tamed  through  the  same  nerve  paths  connecting  the  cord  with  the 
adrenals. 

2.  After  section  of  the  cord  in  the  middorsal  region  the  spontaneous 
liberation  of  epinephrin  from  the  adrenals  is  aboUshed  within  the 
limits  of  detectabilityby  the  methods  employed  (denervated  eye  re- 
actions of  Meltzer,  and  rabbit  intestine  and  uterus  segments). ^ 

3.  The  portion  of  the  cord  concerned  in  the  Hberationof  epinephrin 
does  not  appear  to  extend  much  below  the  third  thoracic  segment. 

4.  In  acute  experiments  on  cats  under  urethane  anesthesia  no 
change  in  the  rate  of  Hberation  of  epinephrin,  which  could  be  detected 
by  the  tests  employed,  was  observed  when  the  cord  was  severed  in 
the  cervical  region. 

EXPLANATION  OF  PLATES. 
Plate  44. 

Fig.  1.  Intestine  tracings.  Blood  from  a  cat.  At  2  Ringer's  solution  was 
replaced  by  jugular  blood,  and  this  at  3  by  the  second  adrenal  blood  specimen, 
collected  with  intact  spinal  cord.  At  6  and  9  Ringer's  solution  was  replaced  by 
jugular  blood,  and  this  at  7  and  10  by  the  sixth  and  eighth  adrenal  blood  speci- 
mens respectively,  collected  after  section  of  the  cord  between  the  fourth  and  fifth 
cervical  segments.  All  the  bloods  were  diluted  with  four  volumes  of  Ringer's 
solution.    Reduced  one-third. 

Fig.  2.  Intestine  tracings.  Blood  of  the  same  cat  used  for  Fig.  1.  At  35 
Ringer's  solution  was  replaced  by  arterial  blood,  and  this  at  36  by  the  second  ad- 
renal blood  specimen,  collected  before  section  of  the  cord.  At  43  Ringer's  solu- 
tion was  replaced  by  arterial  blood,  and  this  at  44  by  the  third  adrenal  blood 
specimen,  collected  just  after  transection  of  the  cord  between  the  fourth  and  fifth 
cervical  segments.  All  the  bloods  were  diluted  with  three  volmnes  of  Ringer's 
solution.  At  37  Ringer's  solution  was  replaced  by  arterial  blood  diluted  with 
three  volumes  of  Ringer's  solution,  and  this  at  38  by  arterial  blood  to  which  ad- 
renalin had  been  added  to  make  up  a  concentration  of  1 : 13,000,000,  the  adrenalin 
blood  being  then  diluted  with  three  volumes  of  Ringer's  solution.  Reduced 
one-third. 


^  We  have  since  found  that  semisection  of  the  cord  (between  the  fourth  and 
fifth  dorsal  segments  in  one  cat,  between  the  third  and  fourth  segments  in 
another)  abolished  the  liberation  of  epinephrin  from  the  adrenal  of  the  same 
side  without  affecting  the  liberation  from  the  other  adrenal. 
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Plate  45. 

Fig.  3.  Intestine  and  uterus  tracings.  Blood  of  the  same  cat  used  for  Figs. 
1  and  2.  At  19  Ringer's  solution  was  replaced  by  jugular  blood,  and  this  at  20 
by  the  eighth  adrenal  blood  sample,  collected  after  section  of  the  cord  between 
the  fourth  and  fifth  cervical  segments.  Both  bloods  were  diluted  with  eight 
volumes  of  Ringer's  solution.  At  21  and  23  Ringer's  solution  was  replaced  by 
adrenalin  in  jugiilar  blood,  made  up  to  1 : 1,600,000  and  1  :  800,000,  respectively, 
and  then  diluted  with  eight  volumes  of  Ringer's  solution.  4,  5,  and  6  are  uterus 
tracings.  At  4  Ringer's  solution  was  replaced  by  the  eighth  adrenal  blood  spec- 
imen, at  5  by  the  second,  and  at  6  by  indifferent  (arterial)  blood;  all  were  diluted 
with  seven  volumes  of  Ringer's  solution.    Reduced  one-third. 

Fig.  4.  Intestine  tracings.  Adrenal  blood  from  a  cat  after  section  of  the  cord 
between  the  last  cervical  and  first  thoracic  segments.  At  18,  20,  and  22  Ringer's 
solution  was  replaced  by  indifferent  (arterial)  blood,  and  this  at  19,  21,  and  23  by 
the  fourth,  second,  and  third  adrenal  specimens,  respectively.  AH  the  bloods 
were  diluted  with  two  volumes  of  Ringer's  solution.    Reduced  one-half. 

Fig.  5.  Intestine  tracings  showing  some  of  the  adrenalin  assays  for  the 
adrenal  bloods  used  for  Fig.  4.  At  26  and  28  Ringer's  solution  was  replaced  by 
indifferent  (arterial)  blood,  diluted  with  two  voliunesof  Ringer's  solution  and  this 
at  27  and  29  by  adrenalin  in  arterial  blood,  made  up  to  1: 1,500,000  and  1:  2,- 
500,000,  respectively,  and  then  diluted  with  two  volumes  of  Ringer's  solution. 
Reduced  one-half. 


Plate  46. 


Fig.  6.  Uterus  tracings.  Blood  of  the  same  cat  used  for  Figs.  4  and  5.  At 
36  Ringer's  solution  was  replaced  by  the  third  adrenal  specimen;  at  37,  by  the 
second,  both  diluted  with  eight  volumes  of  Ringer's  solution.  The  third  speci- 
men has  a  stronger  effect  than  the  second,  corresponding  to  the  slower  blood  flow 
during  its  collection.  But  as  the  increase  of  tone  produced  by  the  second  speci- 
men even  was  nearly  maximal,  greater  dilution  was  necessary  to  show  the  differ- 
ence clearly.  At  38  Ringer's  solution  was  replaced  by  the  second  adrenal  speci- 
men, and  at  39  by  the  third,  both  diluted  with  twelve  volumes  of  Ringer's  solu- 
tion. The  difference  is  now  evident.  At  40  Ringer's  solution  was  replaced  by 
the  fourth,  and  at  41  by  the  third  adrenal  specimen,  both  dHuted  with  sixteen 
volumes  of  Ringer's  solution.  The  increase  of  tone  produced  by  the  third  spec- 
imen was  now  so  nearly  maximal  for  the  condition  of  the  segment  at  the  time  that 
greater  dilution  was  resorted  to,  to  bring  out  the  difference,  dearly  seen  in  Ob- 
servations 43  and  44,  where  Ringer's  solution  was  replaced  by  the  third  and 
fourth  specimens  respectively,  both  diluted  with  twenty-four  volumes  of  Ringer's 
solution.  At  42  Ringer's  solution  was  replaced  by  indifferent  (arterial)  blood, 
diluted  with  twenty-four  volumes  of  Ringer's  solution.    Reduced  one-half 
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Fig.  7.  Intestine  tracings.  Adrenal  blood  from  a  cat  after  section  of  the  cord 
between  the  fifth  and  sixth  dorsal  segments.  At  25  Ringer's  solution  was  re- 
placed by  indifferent  (arterial)  blood,  and  this  at  27  by  the  third  adrenal  specimen, 
both  bloods  being  undiluted.  The  magnification  is  high,  nearly  twice  as  great 
as  in  Fig.  8,  in  order  to  afford  the  best  chance  for  an  inhibitory  effect  to  be  seen 
on  the  tracing.  The  writing  point  went  somewhat  above  the  drum  after  the  addi- 
tion of  the  adrenal  blood  and  no  inhibition  was  produced.  To  save  space,  the 
tracing  has  been  cut  horizontally.  To  reconstruct  it,  the  right-hand  portion  may 
be  imagined  to  be  pushed  up  to  the  top  of  the  figure  and  then  to  the  left  till  it 
is  in  line  with  the  left-hand  portion. 

Plate  47. 

Fig.  8.  Intestine  tracings.  Blood  from  the  same  cat  as  in  Fig.  7,  but  with  a 
smaller  magnification.  At  5  and  11  Ringer's  solution  was  replaced  by  arterial 
blood,  and  this  at  6  and  12  by  the  fourth  and  the  third  adrenal  specimens,  respec- 
tively, the  bloods  being  diluted  with  four  volumes  of  Ringer's  solution.  At  34 
and  36  Ringer's  solution  was  replaced  by  arterial  blood  (undiluted),  and  this  at 
35  and  37  by  adrenalin  in  arterial  blood  (1:  40,000,000  and  1:  60,000,000  respec- 
tively).   The  adrenalin  blood  was  undiluted.   Reduced  one-third. 

Fig.  9.  Intestine  tracings.  Adrenal  blood  from  a  cat  after  section  of  the 
cord  through  the  third  thoracic  segment.  At  29  Ringer's  solution  was  replaced 
by  jugular  blood,  and  this  at  30  by  the  third  adrenal  blood  specimen.  At  27  and 
31  Ringer's  solution  was  replaced  by  jugular  blood,  and  this  at  28  and  32  by 
jugular  blood  to  which  adrenalin  had  been  added  to  make  up  a  concentration  of 
1:70,000,000  and  1:135,000,000,  respectively.  All  the  bloods  were  undiluted. 
Reduced  one-third. 
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PLATE  44. 


Fig.  1. 


Fig.  2. 


(Stewart  and  RogoS:  Spontaneous  liberation  of  epinephrin.) 
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PLATE  45. 


Fig.  5. 

(Stewart  and  RogofI:  Spontaneous  liberation  of  epineplirin.) 
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PLATE  46. 


Fig.  7. 

in  .1,1(1  Rogoff:  Spontaneous  liberation  of  epinephrin.) 
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Fig.  9. 


(Stewart  and  Rogoff:  Spontaneous  liberation  of  epinephrin.) 
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The  view  has  been  expressed  by  various  writers  that  some,  perhaps 
most,  of  the  forms  of  experimental  hyperglycemia  (asphyxia  (1), 
piqtire  (2),  etc.)  are  dependent  primarily  upon  excitation  of  the  ad- 
renal glands  to  increased  secretion  of  epinephrin,  which  then  causes  an 
accelerated  mobilization  of  sugar  in  the  same  way  as  adrenalin  does 
when  artificially  introduced.  It  is  against  this  idea  that  subcutaneous 
injection  of  adrenalin  is  more  effective  in  producing  hyperglycemia  and 
glycosuria  than  intravenous  injection.  However,  it  has  been  cited  as 
evidence  that  the  adrenal  intervenes  as  an  essential  factor  in  the 
hyperglycemias  in  question,  that  a  given  experimental  hyperglycemia 
which  can  be  shown  to  occur  while  the  adrenals  are  intact  cannot  be 
obtained .  after  their  removal.  Further,  some  observers  have  stated 
that  even  the  normal  sugar  content  of  the  blood  is  not  maintained  after 
adrenalectomy,  hypoglycemia  being  present;  that  glycogen  cannot  be 
normally  stored  by  the  liver,  and  so  on. 

The  experimental  basis  for  these  conclusions  seems  to  us  to  be  quite 
unsatisfactory.  Observations  in  which  the  production  of  hypergly- 
cemia by  a  given  procedure  before  removal  of  the  adrenals  are  com- 
pared with  similar  observations  after  removal  of  the  glands,  suffer 
from  two  serious  defects.  In  the  first  place,  the  animal  has  been  de- 
prived of  organs  essential  to  life.  The  period  of  survival  is  very  brief 
in  the  absence  of  accessory  glands,  and  when  an  animal  is  going  to  die 
within  twenty-four  hours  it  is  surely  a  matter  of  difficulty  and  risk  to 
fix  the  point  up  to  which  such  a  function  as  the  regulation  of  the  sugar 
content  of  the  blood  may  still  be  regarded  as  normal.  Secondly,  the 
animal  has  been  subjected  to  a  major  operation;  it  has  been  anesthe- 
tized for  a  time;  possibly  it  has  been  prepared  for  the  operation  by  a 
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period  of  fasting;  certainly  it  does  not  eat  after  the  operation  All 
these  things  cannot  fail  to  complicate  greatly  any  observations  upon 
changes  in  the  blood  sugar  dependent  upon  an  increase  or  diminution 
of  the  rate  of  mobilization  of  the  liver  glycogen. 

We  have  put  the  question  of  the  relation  of  epinephrin  to  some  of  the 
forms  of  experimental  hyperglycemia  to  the  test  by  a  method  which 
eHmmates  all  these  disturbing  factors.  The  epinephrin  Hberation  was 
abolished,  within  the  Umits  of  sensitiveness  of  the  methods  used  for  its 
detection,  or  reduced  to  an  insignificant  fraction  of  its  normal  amount 
by  dividing  in  cats  the  nerve  supply  of  one  adrenal  and  excising  the 
other  gland.  After  recovery  from  the  operation  the  sugar  was  esti- 
mated from  time  to  time  in  samples  of  blood  obtained  under  the  various 
conditions  which  it  was  desired  to  study,  these  being  compared  with 
normal  samples  previously  collected. 

TECHNIQUE 

The  sugar  was  estimated  by  the  method  of  Lewis  and  Benedict  (with  Pearce's 
modification) .  Blood  was  collected  from  a  vein,  usually  the  femoral,  by  puncture 
with  a  hypodermic  needle  attached  by  a  rubber  tube  to  a  2  cc.  pipette,  in  the 
point  of  which  were  a  few  crystals  of  potassium  oxalate.  The  skin  over  the  vein 
was  shaved,  usually  the  day  before  the  blood  collection,  so  that  the  animal  might 
have  recovered  from  the  disturbance  due  to  the  shaving.  Generally  both  legs 
were  shaved  at  the  same  time  so  that  blood  could  be  obtained  from  either  vein. 
Occasionally  the  jugular,  and  once  or  twice  the  external  saphenous  were  em- 
ployed. The  needle  was  pushed  directly  through  the  skin  into  the  vein.  After 
the  blood  samples  desired  had  been  collected,  a  little  tincture  of  iodine  was 
placed  on  the  skin  over  the  site  of  the  puncture,  and  a  considerable  interval,  usu- 
ally about  a  week,  was  allowed  to  elapse  before  any  further  samples  of  blood  were 
taken.  This  refers  to  the  observations  in  which  such  procedures  as  asphyxia 
and  anesthetization  had  been  resorted  to.  The  blood  was  drawn  up  into  the 
pipette  a  little  above  the  mark,  the  pipette  disconnected  from  the  needle  and  the 
blood  after  being  allowed  to  flow  back  to  the  mark,  immediately  discharged  into 
a  large  test-tube  containing  8  cc.  of  distilled  water.  The  test-tube  was  then 
shaken.  After  hemolysis  had  occurred  15  cc.  of  saturated  solution  of  picric 
acid  was  added  and  the  contents  filtered,  after  being  well  shaken.  Duplicate 
quantities  (7  cc.)  of  the  filtrate  were  measured  into  test-tubes  graduated  in  0.1 
cc.  from  1  to  20  cc.  Two  cubic  centimeters  of  saturated  solution  of  picric  acid 
and  1  cc.  of  10  per  cent  solution  of  anhydrous  sodium  carbonate  were  added  to 
each  test-tube.  After  removal  from  the  autoclave,  any  loss  of  fluid  was  re- 
placed up  to  10  cc.  After  filtration  the  color  was  compared  with  the  picramic 
acid  standard  recommended  by  Lewis  and  Benedict,  and  also  with  a  solution  of 
dextrose  of  known  percentage  which  was  carried  through  the  same  process  as  the 
blood.  Before  deciding  to  use  Pearce's  modification,  we  compared  it  with  the 
original  method  and  found  a  sufficiently  close  agreement,  as  illustrated  by  the 
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following  figures  obtained  with  different  quantities  of  a  solution  of  dextrose. 
By  the  polarimeter  it  was  estimated  that  100  grams  of  the  dextrose  used  corre- 
sponded to  93.6  grams  dextrose.  From  this  a  solution  was  made  of  such  a 
strength  that  1  cc.  would  contain  0.936  mgm.  dextrose. 


DEXTROSE  SOLUTION 

LEWIS  AND  BENEDICT  METHOD 

AUTOCLAVE  MODIFICATION 

CC. 

mgm. 

mgm. 

1.0 

0.881 

0.890 

1.0 

0.910 

0.940 

2.0 

2.060 

2.012 

0.5 

0.418 

0.411 

0.5 

0.461 

0.427 

0.75 

0.748 

0.741 

In  this  paper  are  reported  observations  upon  two  forms  of  experimental  hj^per- 
glycemia,  that  produced  by  asphyxia  and  that  produced  by  ether  anesthesia. 
The  routine  was  to  obtain  a  preliminary  specimen  of  "normal"  blood  and  then 
to  subject  the  animal  to  a  period  of  asphyxia  or  anesthesia.  Asphyxia  was 
maintained  by  placing  over  the  nose  and  mouth  of  the  animal  a  metal  cone  covered 
with  a  towel.  The  effect  of  the  asphyxia  was  controlled  throughout  the  whole 
period  by  palpating  the  heart  through  the  chest  wall.  When  distinct  slowing 
of  the  heart  had  been  produced  the  animal  was  allowed  to  breathe  freely  for  a 
few  seconds  and  the  asphyxia  was  thein  repeated.  The  object  was  to  produce 
and  maintain  with  the  necessary  intervals  of  free  breathing,  a  distinct  asphyxial 
condition  for  ten  to  twenty  minutes.  The  asphyxia  was  never  pushed  so  far  as 
to  endanger  life.  As  regards  the  anesthesia  effect,  an  ordinary  surgical  anes- 
thesia was  maintained  for  fifteen  to  twenty  minutes.  In  a  few  observations  the 
etherization  was  less  complete,  stopping  short  of  disappearance  of  the  corneal 
reflex.  In  a  number  of  the  experiments  when  the  animal  happened  to  be  espe- 
cially quiet  during  the  collection  of  the  preliminary  specimen,  it  was  immediately 
afterwards  subjected  to  frightening  by  a  dog  for  twenty  minutes  to  an  hour,  and 
another  blood  specimen  then  collected.  Generally  the  animal  was  free  in  a  small 
cage  during  the  frightening,  but  in  a  few  observations  it  was  tied  on  a  holder. 
In  no  case  was  it  possible  for  the  dog  to  inflict  any  physical  injury  on  the  cat. 
In  some  cages  the  sugar  content  of  blood  specimens,  obtained  after  varying 
periods  during  which  the  animal  remained  tied  down,  was  compared,  although 
no  systematic  observations  on  the  so-called  "Fesselungs"  hyperglycemia  wete 
made.  The  frightening  experiments  were  followed  by  an  asphyxia  obser- 
vation, in  order  to  determine  whether  the  animal  was  capable  of  showing  a 
decided  hyperglycemia.  In  this  way  it  was  supposed  that  a  negative  result 
due  to  poverty  of  the  glycogen  store  of  the  liver  could  be  taken  account  of.  In  a 
few  of  the  preliminary  observations  single  blood  specimens  were  obtained,  either 
"normal"  or  during  asphyxia  or  anesthesia.  Although  the  hyperglycemia  asso- 
ciated with  these  conditions  can  be  demonstrated  without  diflficulty  by  such 
isolated  observations  made  on  different  days  on  the  same  or  on  different  animals. 
It  IS  far  better  to  compare  a  succession  of  samples  taken  on  the  same  occasion 
from  one  and  the  same  animal. 
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Control  observations  were  made  on  normal  cats  and  also  on  cats  on  which 
laparotomy  had  been  performed,  with  a  certain  amount  of  manipulation  of  the 
abdominal  viscera,  in  order  to  imitate  the  surgical  procedure  in  the  adrenal 
operations,  except  that  the  adrenals  and  their  nerve  supply  were  left  intact. 
It  was  not  necessary  to  estimate  the  epinephrin  output  in  the  control  animals, 
as  we  have  previously  shown  (3)  that  epinephrin  is  invariably  present  in  the 
adrenal  vein  blood  of  normal  cats  when  tested  under  our  experimental  condi- 
tions, and  that  the  amount  liberated  per  minute  in  different  individuals  varies 
within  rather  narrow  limits.  All  the  animals,  those  in  which  the  adrenal  opera- 
tion had  been  performed  as  well  as  the  controls,  were  kept  on  the  same  diet 
and  housed  .together  (in  the  open  air  for  a  large  part  of  the  time).  Except  when 
purposely  restricted,  the  diet  was  such  as  to  favor  the  accumulation  of  glycogen 
in  the  liver  (rice  with  milk,  pig's  liver,  with  fish  occasionally).  In  the  observa- 
tions before  July  9,  no  rice  was  given.  Glycogen  in  plenty  was  demonstrated  in 
the  liver  in  animals  which  were  giving  off  no  detectable  epinephrin,  (e.g.,  4.75 
and  4.26  per  cent,  in  two  operated  cats;  1.95,  2.55  and  4.13  per  cent,  in  three 
control  cats). 

EFFECT  OF  THE  OPERATION  ON  THE  OUTPUT  OF  EPINEPHRIN 

Our  previous  experiments  (3)  showed  to  what  insignificant  propor- 
tions the  liberation  of  epinephrin  (as  determined  by  the  denervated 
eye  reactions  without  drawing  blood,  or  on  rabbit  intestine  and  uterus 
segments  with  shed  blood)  is  reduced  by  the  operation  practiced,  even 
when  it  is  not  completely  abolished.  The  values  for  the  residual  lib- 
eration in  the  seven  cats  used  for  survival  observations  in  that  inves- 
tigation are  displayed  in  table  1.  In  five  of  the  cats  the  output  of 
epinephrin  was  only  ^  to  of  the  average  output  for  normal  cats. 
In  two  of  the  seven  animals  no  epinephrin  whatever  could  be  detected, 
although  in  one  of  them  (cat  52)  the  intestine  and  uterus  segments 
were  so  sensitive  that  TTrVir  of  the  average  normal  output  per  kilogram 
per  minute  could  have  been  estim.ated.  In  the  other  (cat  46)  of  the 
normal  output  could  have  been  detected  by  the  segments  and 
by  the  eye  reactions,  which  in  this  case  happened  also  to  be  extraor- 
dinarily sensitive. 

It  is  out  of  the  question  to  assume  that  in  this  experiment  epmephrm 
was  present  in  the  adrenal  vein  blood  in  a  concentration  just  below 
the  threshold  of  detectabiUty  for  both  rabbit  segment  and  eye  reac- 
tions It  is  therefore  as  certain  as  anything  can  be  which  has  not 
been  actuaUy  demonstrated  that  if  any  epinephrin  whatever  was 
being  given  off  in  this  animal,  it  represented  much  less  than  ^i^r  of  the 
normal  output. 
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We  might  then  have  assumed  with  confidence  that  the  cats  operated 
upon  in  a  similar  way  for  the  experiments  on  hyperglycemia  would  be 
practically  incapable  of  liberating  epinephrin  from  the  adrenals,  either 
imder  normal  circumstances  or  in  conditions  which  have  been  sup- 
posed to  cause  increased  liberation  through  the  adrenal  nerves.  Never- 


TABLE  1 


NUMBER  OP 
CAT 

WEIGHT 

EPINEPHRIN  OUTPUT 

FRACTION  OF  NOR- 
MAL LIBERATION* 

DAYS  AFTER 
OPERATION 

EYE  REACTIONS 

Per  minute 

Per  kilogram 
per  minute 

Per 
animal 

Per  kilo- 
gram of 
animal 

kgm. 

mgm. 

mgm. 

35 

2.0 

0.0000035 

0.0000015 

8 

Very  faint,  if  any 

34 

2.75 

0.00003 

0.00001 

16 

Negative 

46 

2.155 

0.000001 

0.00000045 

f  t 

15 

Negative;    liberation  of 

0.000001  mgm.  epineph- 

rin per  kilogram  per 

minute  (or  shis  of  nor- 

mal) could  have  been 

detected 

52 

3.87 

0.0000009 

0.00000025 

T 

20 

Negative 

31 

2.63 

0.00001 

0.00004 

105 

Negative 

32 

4.14 

0.00002 

0.000005 

105 

Positive  but  slight 

33 

3.635 

0.00002 

0.0000055 

3V 

■  it 

106 

Positive 

*  Since  one  of  our  objects  in  the  previous  investigation  was  to  determine 
whether  the  whole  secretion  of  epinephrin  is  dependent  upon  the  integrity  of 
the  nerves,  the  results  were  expressed  not  only  in  fractions  of  a  milligram  per 
minute  per  animal,  but  also  as  fractions  of  a  milligram  per  minute  per  kilogram 
of  animal  on  the  supposition  that  the  animal  still  had  two  adrenals  secreting  at 
the  same  rate  as  the  remaining  gland.  This  showed  when  compared  with  the 
normal  output  of  cats  with  both  adrenals  intact  the  extent  to  which  the  out- 
put of  the  remaining  adrenal  had  been  reduced  by  the  operation.  The  residual 
liberation  from  the  one  adrenal  expressed  as  a  fraction  of  the  normal  liberation 
by  one  adrenal  is  obtained  from  the  table  by  halving  the  denominators  of  the 
fractions  in  the  fifth  and  sixth  columns. 

t  There  was  no  evidence  that  any  epinephrin  was  being  given  off  in  these 
animals. 

theless,  in  each  animal  the  epinephrin  output  was  determined  at  the 
end  of  the  series  of  observations  by  the  methods  and  under  the  ex- 
perimental conditions  previously  employed  for  the  normal  cats.  The 
results  of  the  epinephrin  estimations  on  the  seven  cats  used  for  the 
blood  sugar  experiments  after  interference  with  the  epinephrin  output 
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are  given  in  table  2.  The  adrenaHn  solution  employed  for  the  blood 
assay  was  always  itself  freshly  assayed  by  the  method  of  Folin  Can- 
non and  Denis.  ' 


TABLE  2 


O 
IS 

WEIGHT 

EPINEPHRIN  ODTP0T 

FHACTION  OF  NOR- 
MAL LIBERATION 

B  O 

NUMBE 
CAT 

Per  minute 

Per  kilogram 
per  minute 

Per 
animal 

Per  kilo- 
gram of 
animal 

DAYS 

EYE  REACTIONS 

kgm. 

mgm. 

mgm. 

90 
108 

1.5 
2.2 

0.0000035 
0.000005 

0.000002 
0.000002 

1 

_i  * 
ITTS 

65 
35 

■NT  .  • 

Negative 

iNegative.       Could  not 
have     been  0.000005 
mgm.  per  kg.  per  min- 
ute, or  lijs  normal  as 
determined  by  eye  re- 

109 

3.22 

U .  UUUUUo) 

1 

39 

actions 
Negative.      Could  not 
have  been        of  nor- 
mal output  per  kg.  per 

107 

1.27 

0.00013 

0.00001 

34 

minute 
Positive 

91 

2.06 

0.0001 

0.00005 

1 
6- 

61 

Positive  (1  of  normal  out- 

92 

1.93 

0.00002 

0.00001 

61 

put  per  kg.  per  minute) 
Negative 

121t 

1.7 

0.000015 

0.00001 

24 

Negative.     The  output 
could  not   have  been 
more  than  ^  of  normal 
for  the  whole  animal, 
or  -^g  of  normal  per  kg. 
of  animal 

*  There  was  no  evidence  that  any  epinephrin  was  being  given  off. 
t  Left  adrenal  excised;  nerves  of  right  adrenal  cut. 


It  will  be  seen  that  the  results  are  precisely  the  same  in  these  seven  cats  as 
in  the  seven  reported  in  table  1.  In  two  of  them  no  epinephrin  whatever  was 
detected  in  the  adrenal  vein  blood  by  the  segment  tests.  No  attempt  was  made 
to  fix  the  minimum  concentration  of  epinephrin  which  the  segments  could  detect 
but  it  was  shown  that  good  reactions  were  still  given  with  concentrations  which 
with  the  observed  blood  flows  through  the  adrenals  would  have  corresponded  to 
an  output  per  kilogram  of  body  weight  per  minute  one  hundred  and  twenty  times 
less  than  the  average  for  normal  cats.  There  is  no  doubt  that  the  quantity 
which  could  possibly  have  been  present  was  still  smaller.  In  cat  lOS  the  eye 
tests  gave  as  the  possible  maximum  output  the  same  fraction,  -riff  of  the  normal, 
as  the  intestine  tests.  Again,  it  is  extremely  unlikely  that  had  the  reactions 
been  a  little  more  sensitive  they  would  have  detected  epinephrin.  It  is  much 
more  probable  that  just  as  in  the  series  shown  in  table  1,  the  fortunate  coincidence 
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of  specially  sensitive  test  objects  and  blood  specimens  from  animals  in  which  the 
secretory  nerves  had  been  severed  with  unusual  completeness  would  have  enabled 
us  to  drive  down  the  limit  of  the  possible  epinephrin  output  far  beyond  that 
actually  obtained.  The  question,  however,  is  of  no  consequence  for  our  pur- 
pose. For  an  ainimal  which  cannot  be  liberating  of  the  normal  amount  of 
epinephrin,  owing  to  section  of  secretory  nerve  fibers,  is  certainly  no  more  cap- 
able of  responding  to  stimulation  of  any  remaining  fibers  by  an  outburst,  bring- 
ing the  output  far  above  the  normal,  than  if  it  had  been  shown  that  the  rate  of 
Uberation  had  been  reduced  to  or  jsb^  of  the  normal.  It  must  always  be 
remembered  that  no  evidence  was  obtained  in  these  animals  that  any  epinephrin 
was  being  given  off.  It  is  obvious  that  in  connection  with  the  problem  whether 
an  experimental  hyperglycemia  depends  upon  increased  epinephrin  secretion, 
experiments  in  which  no  epinephrin  has  been  detected  with  sensitive  test  ob- 
jects are  more  important  than  those  in  which  a  small  residual  liberation  is  still 
present.  In  a  third  cat  of  this  series  (cat  92)  the  result  of  the  epinephrin  assay 
was  also  negative.  But  here  there  were  only  the  eye  reactions  to  go  by,  not 
enough  blood  having  been  obtained  for  satisfactory  segment  tests.  Still,  the  eye 
reactions  were  quite  sensitive  and  showed  that  the  output  per  kilogram  per 
minute  could  not  have  been  ^  of  the  normal  average. ^ 

In  one  animal  of  the  series  (cat  91)  a  substantial  fraction  of  the  normal  aver- 
age output  of  epinephrin  was  found,  ^  or  |  by  the  intestine  segments  and  §  by 
the  eye  tests.  There  was  no  question  that  a  marked  diminution  in  the  output 
per  minute  had  been  effected  by  the  operation  in  this  animal.  For  the  concen- 
tration of  epinephrin  in  the  adrenal  vein  blood  was  far  less  than  is  ever  seen  in 
a  normal  cat  under  our  experimental  conditions,  for  the  corresponding  rates  of 
adrenal  blood  flow.  As  the  epinephrin  assay  was  made  sixty-one  days  after  the 
nerve  section,  the  possibility  of  some  regeneration  of  the  secretory  fibers  might 
be  considered  but  we  have  no  evidence  as  to  this.  If  any  regeneration  had 
occurred  in  this  time,  the  output  of  epinephrin  determined  at  the  end  of  the 
period  would  be  greater  than  it  was  after  section  of  the  nerves.  However,  since 
this  animal  yielded  precisely  the  same  results  as  the  others  in  the  blood  sugar 
observations,  the  question  is  of  no  significance  for  our  present  purpose. 

To  sum  up,  if  tables  1  and  2  are  compared  it  will  be  seen  that  the 
results  of  the  operation,  as  practiced  by  us,  upon  the  residual  epinephrin 
secretion  are  of  the  same  general  character  for  the  two  series.  In  each 
group  of  seven  cats  two  gave  no  evidence  with  either  test  of  any  epi- 
nephrin output  whatever.  In  each  group  one  cat  showed  a  somewhat 
substantial  residual  liberation,  although  only  a  mere  fraction  of  the 

'  Generally  the  eye  reactions,  as  stated  in  a  previous  paper  (3),  will  not  de- 
tect such  small  outputs  of  epinephrin  as  the  segment  tests  with  shed  blood. 
This  depends,  however,  not  only  upon  the  threshold  concentration  and  quan- 
tity of  epinephrin  which  yield  a  just  detectable  reaction,  but  also  upon  the 
length  of  time  during  which  it  is  feasible  to  continue  the  collection  of  the  ad- 
renal vein  blood  in  the  cava  pocket,  and  this  in  turn,  depends  upon  the  rate  of 
blood  flow  through  the  gland. 
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normal.  The  remaining  cats  in  each  group  were  proved  to  be  giving 
off  a  very  small  amount  of  epinephrin  (^^,  -^V  down  to  -^U  of  the  nor- 
mal), except  cat  92  in  the  second  group  (table  2),  which  by  the  only  ' 
tests  applied,  the  eye  reactions,  yielded  a  negative  result.  If  we  re- 
flect that  to  ensure  the  severing  of  the  secretory  innervation  of  the 
adrenal  a  far  larger  number  of  fibers  which  have  nothing  to  do  with 
the  epinephrin  secretion  must  be  cut,  it  will  readily  be  seen  that  the 
completeness  with  which  the  fibers  in  question  are  divided  may  vary 
in  the  different  operations.  Let  this  be  as  it  may,  the  tables  demon- 
strate conclusively  that  to  all  intents  and  purposes  the  epinephrin  se- 
cretion by  the  adrenals  may  be  considered  as  non-existent  in  cats  after 
this  operation  and  that  any  effect  produced  upon  the  blood  sugar  con- 
tent by  given  conditions  cannot  be  mediated  through  the  nervous 
mechanism  which  normally  governs  the  liberation  of  epinephrin  from 
these  glands. 

One  other  remark  may  be  made  before  passing  from  the  consideration  of  these 
tables.  It  will  be  noticed  that  in  table  2,  the  fraction  of  the  normal  output  rep- 
resented by  the  residual  liberation  expressed  per  kilogram  of  body  weight  is  in 
general  greater  than  the  fraction  expressed  for  the  whole  animal,  while  the 
opposite  is  the  case  in  table  1.  The  reason  for  this,  or  at  least  the  main  reason, 
is  a  purely  artificial  one,  namely  that  in  table  2  the  body  weight  of  most  of  the 
cats  is  less  than  the  body  weight  of  the  majority  of  those  in  table  1.  This  is 
partly  a  matter  of  accident  but  partly  due  to  the  fact  that  the  cats  in  table  1, 
after  the  loss  of  weight  which  always  occurs  in  the  first  weeks  after  the  operation, 
remaining  undisturbed  by  further  interference,  rapidly  regained  their  original 
weight  and  in  several  instances  became  considerably  heavier  than  before  the 
operation.  The  animals  in  table  2  were  used  for  the  blood-sugar  observations, 
samples  of  blood  being  repeatedly  taken  from  them;  they  were  subjected  to 
periods  of  asphyxia  or  anesthesia,  and  naturally  most  of  them  lost  some  weight. 

THE  NORMAL  BLOOD-SUGAR  CONTENT  IN  THE  CAT 

It  has  already  been  stated  that  in  determining  whether  an  increase 
in  the  sugar  content  of  the  blood  was  caused  by  the  conditions  investi- 
gated, comparison  was  not  made  with  an  average  "normal"  content 
deduced  from  observations  made  at  other  times  on  the  same  or  on 
other  animals,  but  successive  samples  collected  at  the  time  of  each 
experiment  were  compared.  In  testing  out  the  technique,  however, 
a  number  of  normal  sugar  estimations  were  first  made.  Some  of  these 
are  given  in  table  3,  with  the  duplicate  estimations;  in  the  rest  of  the 
paper  only  the  average  of  the  duplicate  observations  is  given.  For 
convenience,  estimations  on  two  dogs  are  included  in  the  table. 
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TABLE  3 


NUMBER  OF 
ANIMAI, 

PERCENTAGE  OP  DEXTROSE 

IN  BLOOD 

BEUABKS 

Duplicates 

A  Vtjl  o^t) 

1 

0.106 

0.115 

0.11 

Excited  during  collec- 

tion 

2 

U.  Ool 

0. 083 

0.082 

Considerably  excited 

3 

0.108 

0.108 

0.108 

Considerably  excited 

(lost  10  oc.  blood) 

4 

0.117 

0.116 

.*\T  I'll  frnrl            onW  nt^tn^ 

otruggicQ  anQ  crieu 

5 

0.107 

0.111 

0.109 

Very  quiet 

7 

0.103 

0.103 

0.103 

Excited 

11 

0.081 

0.081 

0.081 

Quiet 

19* 

0.094 

0.097 

0.096 

Much    excited;  blood 

dark 

15t 

0.113 

0.114 

.  0.114 

Very  quiet 

16t 

0.105 

0.104 

0.104 

Apprehensive 

ims  cat  was  given  no  liver  for  two  days  before  the  blood  isamples  were 
obtained,  and  no  food  at  all  for  twenty-four  hours,  two  days  before  the  blood 
experiment.   All  the  others  were  on  the  liver  diet  with  milk  daily,  but  no  rice, 
t  Dogs:  no.  15,  a  large  female  hound;  no.  16,  a  small  female  fox  terrier 

Scott  (4)  has  published  numerous  blood-sugar  estimations  on  cats. 
He  worked  with  large  quantities  of  blood  obtained  by  decapitation, 
precipitatmg  the  proteins  by  a  special  method  and  estimating  the 
sugar  by  a  method  described  by  Munsen  and  Walker  (5).  Our  "nor- 
mal" results  for  cats  agree  fairly  weU  with  those  given  by  him  but  are 
on  the  whole  somewhat  higher.  We  have  not  employed  dogs  for  the 
adrenal  operations  because  the  nerve  paths  whose  section  abolishes  or 
greatly  lessens  the  epinephrin  output  are  better  known  in  the  cat  than 
m  the  dog. 

Szperimenls  on  ,at,  in  v,hi,h  the  epinephrin  output  was  interfered  with 


BODY- 
WEIOHT 

kgm. 

May  22. . 

1.625 

June  11. . . 

1.605 

June  30. . . 

1.495 

June  28. . . 

1.665 

Moderate  asphyxia,  10  minutes 
"Normal"  blood.  Restless 
After  being  tied  on  board  3  minutes 
After  being  tied  on  board  15  minutes 
Excised  left  superior  cervical  ganglion 


PERCENTAGE 
OF  BLOOD- 
SUGAR 


0.17 
0.09 
0.129 
0.128 
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WEIGHT 

PBBCENTAQE  OF  BLOOD-SUGAR 

Preliminary 
specimen 

Ether 

Asphyxia 

kgm. 

June  21  

1.515 

0.20* 

0.233 

June  27  

1.67 

0.087 

0.151 

July  2  

1.78 

0.07 

0.168 

July  7  

'  1.635 

0.089 

0.164 

*  During  collection  of  this  specimen  the  blood  flowed  very  slowly  and  was 
very  dark. 

July  IS.    Weight,  1.5  kgm. 
10.00  a.m.    3  grams  urethane  by  stomach  tube. 

10.30  a.m.    Prepared  cava  pocket,  tying  all  arteries,  i.e.,  renal,  coeliac  and 

mesenteric  arteries  and  abdominal  aorta. 
11.20  a.m.    Pocket  experiment,  2  minutes  occlusion;  no  eye  reactions. 
11.30  a.m.    Pocket  experiment,  4  minutes  occlusion:  no  eye  reactions. 
11.35  a.m.    Pocket  experiment,  6  minutes  occlusion:  no  eye  reactions. 
11. 38  a.m.    0.5  cc,  1:  1,000,000  adrenalin  injected;  very  slight  pupil,  no  nicti- 
tating reaction. 
11.45  a.m.    Repeated  last  observation  with  same  result. 

Then  collected  the  following  specimens  of  adrenal  blood: 

First  specimen,  1.5  grams  in  1^  minutes,  blood  flow  1  gram  per  minute. 

Second  specimen,  4.5  grams  in  5  minutes,  blood  flow  0.9  gram  per  minute. 

Third  specimen,  5.8  grams  in  7  minutes,  blood  flow  0.83  gram  per  minute. 

Right  adrenal  weighed  0.206  gram,  and  contained  0.18  mgm.  epinephrin. 

Left  adrenal  weighed  0.186  gram,  and  contained  0.17  mgm.  epinephrin. 

Some  of  the  tracings  illustrating  the  epinephrin  assay  are  reproduced 
in  figures  1  to  3.  Figure  1  shows  that  the  second  adrenal  specimen 
diluted  with  three  volumes  of  Ringer's  solution  caused  no  inhibition  of 
the  intestine  (observation  21),  and  that  the  undiluted  blood  could  not 
have  contained  1 : 150,000,000  epinephrin  since  indifferent  blood  con- 
taining this  amount  caused  a  distinct  inhibition  (observation  23). 
That  the  limit  must  have  been  decidedly  lower  than  1 : 150,000,000  is 
shown  by  the  fact  that  in  reducing  the  concentration  from  1 :  90,000,000 
(fig.  2,  observation  13),  to  1:  150,000,000  (fig.  1)  only  a  moderate  re- 
duction takes  place  in  the  inhibitory  effect,  whereas  the  difference  be- 
tween the  effect  of  1:30,000,000  (fig.  2,  observation  11)  and  1:90,- 
000,000  is  very  great.  In  figure  3,  it  is  proved  that  indifferent  blood 
containing  a  concentration  of  1 :  200,000,000  adrenalin  (observation  41) 
causes  a  much  greater  increase  of  tone  of  a  uterus  segment  than  the 
second  adrenal  blood  specimen  (observation  37),  or  than  the  third 
specimen  (observation  39).    The  com.parison  of  observations  36  and  42 


ADRENALS   AND    EXPERIMENTAL  HYPERGLYCEMIA 


553 


shows  that  this  uterus  segment  could  detect  a  concentration  of  1:  300  - 
000  000  We  can  conclude  that  the  second  adrenal  specimen  does  not 
colin"  1:200,000,000,  probably  not  1.300,000,000.  It  .s  cM 
quite  safe  to  assume  that  it  could  not  have  ^^^^ J  ^  ^50  000  000^ 

Therefore,  the  output  of  epinephrin  could  not  have  been  0.0000035 
mgm.  per  minute,  i.e.,  0.000002  mgm.  per  kilo  of  body  weight  per 
minute,  or  -.h  of  the  normal  average  output  per  kilogram  as  deter- 
mined by  rabbit  segments  on  shed  blood.  There  was  no  evidence  that 
any  epinephrin  was  being  given  off. 


Fig.  1.  Intestine  tracings.  Bloods  from  cat  90.  At  20  Ringer  was  replaced 
by  indifferent  (arterial)  blood,  and  this  at  21  by  the  second  adrenal  blood  speci- 
men. Both  bloods  were  diluted  with  three  volumes  of  Ringer's  solution.  At 
22  Ringer's  solution  was  replaced  by  indifferent  blood  diluted  with  three  volumes 
Ringer,  and  this  at  23  by  the  indifferent  blood  made  up  with  adrenalin  to  a  con- 
centration of  1 :  150,000,000,  the  mixture  being  then  diluted  with  three  volumes 
Ringer  before  application  to  the  segment.    (Reduced  to  two-thirds.) 


Cat  108.  Condensed  protocol.  Female.  Weight,  2.75  kgm.. 
e.xcised  and  nerves  of  left  adrenal  cut  July  6. 


Right  adrenal 


WEIGHT 

PERCENTAGE  OP  BLOOD-SUGAR 

Preliminary 
spccinion 

Fright 

Asphyxia 

kgm. 

July  17  

2.4 

0.074 

0.129 

July  26  

2.475 

0.105 

0.093 

0.165  : 

0.078 

0.09 
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Fig.  2.  Intestine  tracings.  Bloods  from  cat  90.  At  10  and  12  Ringer's  solu- 
tion was  replaced  by  indifferent  blood  diluted  with  three  volumes  Ringer,  and 
this  at  11  and  13  by  the  indifferent  blood  made  up  with  adrenalin  to  a  concen- 
tration of  1:30,000,000  and  1:90,000,000,  respectively,  the  adrenalin  bloods 
being  then  diluted  with  three  volumes  Ringer  before  application  to  the  segment. 
(Reduced  tp  two-thirds.) 


Fig.  3.  Uterus  tracings.  Bloods  from  cat  90.  At  36  Ringer  was  replaced  by 
indifferent  (arterial)  blood;  at  37  by  the  second  adrenal  specimen;  at  39  by  the 
third  adrenal  specimen;  at  40  by  the  indifferent  blood  to  which  adrenalin  had 
been  added  to  make  up  a  concentration  of  1 :  100,000,000;  at  41  by  the  indifferent 
blood  to  which  adrenalin  had  been  added  to  make  up  1 : 200,000,000;  at  42  by 
the  indifferent  blood  to  which  adrenalin  had  been  added  to  make  up  1:300,000,000. 
All  the  bloods  were  undiluted.    (Reduced  to  one-half.) 
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August  2.    Excised  left  superior  cervical  ganglion. 

August  10.  Weight,  2.2  kgm.  Made  cava  pocket  under  urethane  (4  grams), 
tying  all  arteries. 

1.10  p.m.    Pocket  experiment  4  minutes:  no  eye  reactions. 
1  16  p.m.    Pocket  experiment  6  minutes:  no  eye  reactions. 
l'25p.m.   0.5  CO.  adrenalin,  1:  1,200,000  injected:  very  good  eye  reactions  in 
7.2  seconds. 

1.28  p.m.   0.5  cc.  adrenalin,  1:2,300,000  injected:  good  eye  reactions  in  8 
seconds. 

1.34  p.m.   0.5  cc.  adrenalin,  1:  4,-500,000  injected:  slight  eye  reactions  in  10.2 
seconds. 

1.38  p.m.   0.5  cc.  adrenalin,  1:7,000,000  injected:  small  retraction  of  nicti- 
tating in  11.4  seconds,  no  pupil  reactions. 
Now  collected  the  following  specimens  of  adrenal  blood: 
First  specimen,  3.2  grams  in  1  minute,  blood  flow  3.2  grams  per  minute. 
Second  specimen,  7.8  grams  in  3.5  minutes,  blood  flow  2.2  grams  per  minute. 
Third  specimen,  3.0  grams  in  3  minutes,  blood  flow  1.0  gram  p^r  minute. 
Then  obtained  blood  from  abdominal  aorta. 

Right  adrenal  weighed  0.176  gram,  and  contains  0.23  mgm.  epinephrin. 
Left  adrenal  weighed  0.278  gram,  and  contained  0.26  mgm.  epinephrin. 

Some  of  the  tracings  of  the  epinephrin  assay  are  reproduced  in  figures 
4  to  6.  In  figure  4  it  is  shown  that  the  second  adrenal  specimen  (ob- 
servation 4)  gave  no  inhibition  of  the  intestine  when  diluted  with  an 
equal  volume  of  Ringer's  solution.  Another  observation,  not  repro- 
duced, proved  that  even  when  undiluted  it  caused  no  inhibition,  which 
was  also  true  of  the  third  adrenal  specimen  (observation  14).  Obser- 
vation 16  (fig,  5)  indicates  that  even  the  third  specimen  could  not  have 
contained  nearly  1:200,000,000  epinephrin.  Comparison  of  observa- 
tions 10  and  16  suggests  that  the  limit  of  sensitiveness  of  the  intestine 
segment  had  not  been  nearly  reached  with  a  concentration  of  1 : 200,- 
000,000,  since  the  inhibitory  effect  at  16  is  far  from  insignificant  as 
compared  with  that  at  10.  In  figure  6  it  is  demonstrated  by  uterus 
tests  that  the  second  adrenal  specimen  (observation  21)  contained  less 
epinephrin  than  1:230,000,000  (observation  20).  Indeed,  the  effect 
of  this  sample  on  the  uterus  was  not  greater  than  that  of  the  indifferent 
blood  (observation  19).  Taking  the  rate  of  blood  flow  through  the  ad- 
renals during  collection  of  the  third  specimen  as  1  cc.  per  minute,  it 
follows  that  the  output  of  epinephrin  per  minute  could  not  have  been 
nearly  as  much  as  0.000005  mgm.  per  minute  for  the  animal,  or  0.000002 
mgm.  per  kilogram  of  body  weight  per  minute,  i.e.,  less  than  of 
the  average  output  of  normal  cats,  as  determined  on  rabbit  intestine 
and  uterus  segments.  If  any  epinephrin  at  all  was  being  given  off, 
of  which  there  was  no  evidence,  the  amount  must  have  been  decidedly 
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less  than  this.  The  eye  reactions,  which  in  this  animal  were  very 
sensitive,  also  gave  a  completely  negative  result,  even  for  a  six-minute 
occlusion  of  the  pocket.  From  these  reactions  it  can  also  be  calculated 
that  the  possible  output  could  not  have  been  ji-,  of  the  normal  as 
determined  by  the  eye  tests. 


Fig.  4.  Intestine  tracings.  Bloods  from  cat  108.  At  3  Ringer's  solution  was 
replaced  by  indifferent  (arterial)  blood,  and  this  at  4-  by  the  second  adrenal  blood 
epecimen.  Both  bloods  were  diluted  with  one  volume  Ringer  before  application 
to  the  segment.  At  13  Ringer  M^as  replaced  by  the  indifferent  blood  undiluted, 
and  this  at  14  by  the  third  adrenal  blood  sample  also  undiluted.  After  observa- 
tion 4  was  completed  the  drum  and  writing  point  were  lowered.  (Reduced  to 
two-thirds.) 


Cat  92.  Condensed  protocol.  Female.  Weight,  2.525  kgm.  Right  adrenal 
excised  and  nerves  of  left  cut  May  9. 

May  21.  Weight  2.075  kgm.  Blood  sugar  after  light  ether  anesthesia,  0.154 
per  cent. 

May  29.    Excised  left  superior  cervical  ganglion. 

June  20.  Weight,  2.285  kgm.,  tied  on  board  3  minutes.  Blood  sugar,  0.098 
per  cent.    After  being  on  board  28  minutes,  blood  sugar,  0.108  per  cent. 


ADRENALS   AND    EXPERIMENTAL  HYPERGLYCEMIA 


WEIGHT 

PEKCENTAGE  OP  BLOOD-SUGAR 

Preliminary 
specimen 

Asphyxia 

Light  ether 

ksm. 

2.395 

0.096 

0.104 

2.06 

0  093 

0.151 

July  2  

1.96 

0.064 

0.092 

0.176 

July  7  

2.0 

0.142* 

*  Very  slow  collection  and  serum  separated  in  the  pipette. 


July  9.  Weight,  1.93  kgm.,  cava  pocket  formed  under  urethane  (4  grams) 
with  all  arteries  tied. 

12.50  p.m.   Pocket  experiment,  3  minutes:  no  eye  reactions. 
12.55  p.m.   Pocket  experiment,  5  minutes:  no  eye  reactions. 
1.05  p.m.   0.5  cc.  adrenalin,  1:  1,000,000  injected;  very  good  eye  reactions  in 
10.2  seconds. 

1.08  p.m.   0.25  cc.  adrenalin,  1:  1,000,000  injected:  good  eye  reactions  in  10.4 
seconds. 

1.10  p.m.   0.5  cc.  adrenalin,  1:3,000,000  injected:  small  pupil;  no  nictitating 

reaction,  11.6  seconds. 
1.18  p.m.  0.5  cc.  adrenalin,  1:4,000,000  injected:  small  pupil  and  nictitating 

reaction,  10.8  seconds. 
1.20  p.m.   0.5  cc.  adrenalin,  1:  5,000,000  injected:  small  pupil  and  nictitating 
reaction,  11.4  seconds. 
A  small  specimen  of  adrenal  blood  was  obtained,  but  not  sufficient  for  assay, 
as  the  cat  died  shortly  after  collection  was  begun. 

Left  adrenal  weighed  0.250  gram,  and  contained  0.19  mgm.  epinephrin. 
Right  adrenal  was  crushed  in  removal,  no  assay. 

In  this  animal  the  eye  tests  showed  that  a  reaction  could  be  gotten 
with  0.0001  mgm.  epinephrin,  whereas  the  adrenal  vein  blood  collected 
for  five  minutes  and  then  released  produced  no  reaction  whatever.  Ac- 
cordingly, the  output  of  epinephrin  could  not  have  been  as  great  as 
0.00002  mgm.  per  minute,  i.e.,  0.00001  mgm.  per  kilogram  of  body 
weight  per  minute.  This  is  not  of  the  average  output  in  normal  cats, 
as  determined  by  eye  reactions.  There  was  no  evidence  that  any 
epinephrin  was  being  given  off. 
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Fig.  5.  Intestine  tracings.  Bloods  from  cat  108.  At  9  and  15  Ringer's  solu- 
tion was  replaced  by  the  indiflferent  blood  (undiluted),  and  this  at  10  and  16 
by  the  indifferent  blood  made  up  with  adrenalin  to  a  concentration  of  1 :  115- 
000,000  and  1 :  200,000,000  respectively.    (Reduced  to  two-thirds.) 


Fig.  6.  Uterus  tracings.  Bloods  from  cat  108.  At  19  Ringer's  solution  was 
replaced  by  the  indifferent  blood;  at  20  by  the  indifferent  blood  made  up  with 
adrenalin  to  a  concentration  of  1:  230,000,000;  at  21  by  the  second  adrenal  speci- 
men.  All  the  bloods  were  undiluted.    (Reduced  to  one-half.) 
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Cat  109.  Condensed  protocol.  Male.  Weight,  4.65  kgm.  Right  adrenal 
excised  and  nerves  of  left  cut,  July  6. 


WEIGHT 

PERCENTAGE  OF  BLOOD-BUGAR 

Proliminary 
specimen 

Fright 

Asphyxia 

kgm. 

July  17  

3.64 

0.07 

0.075 

0il4 

July  26  

3.245 

0.086 

0.076 

0.183 

August  2.    Excised  left  superior  cervical  ganglion. 

August  14.  Weight,  3.22  kgm.,  cava  pocket  formed  under  urethane  (5  grams), 
all  arteries  tied. 

12.26  p.m.  Pocket  experiment,  3  minutes:  no  eye  reactions. 
12.30  p.m.    Pocket  experiment,  6  minutes:  no  eye  reactions. 

0.5  cc.  adrenalin,  1:  2,300,000  injected:  slight  nictitating  reaction  in 
11.2  seconds. 

0.5  cc.  adrenalin,  1:  1,150,000  injected:  good  pupil  and  nictitating  in 
8.2  seconds. 

Now  collected  the  following  adrenal  blood  specimens: 
First  specimen,  2.1  grams  in  1  minute,  blood  flow  2.1  grams  per  minute.* 
Second  specimen,  6.9  grams  in  6  minutes,  blood  flow  1.15  grams  per  minute. 
Third  specimen,  3.4  grams  in  5  minuteS;  blood  flow  0.7  gram  per  minute. 
Obtained  blood  from  abdominal  aorta. 

Right  adrenal  weighed  0.365  gram  and  contained  0.38  mgm.  epinephrin. 
Left  adrenal  weighed  0.331  gram  and  contained  0.34  mgm.  epinephrin. 

Some  of  the  tracings  of  the  epinephrin  assay  are  given  in  figures  7 
to  9.  The  second  adrenal  specimen  diluted  with  three  volumes  of 
Ringer's  solution  (fig.  7,  observation  2)  gave  no  inhibition  of  the  in- 
testme,  while  indifferent  blood  containing  1:35,000,000  adrenalin 
similarly  diluted  gave  a  good  inhibition.  In  figures  8  and  9  it  is 
proved  that  the  undiluted  second  adrenal  blood  specimen,  while  caus- 
inhibition  of  the  intestine,  could  not  have  contained 
1:85,000,000  epmephrm  though  somewhat  more  than  1-115  000  000 
Taking  the  concentration  as  the  average  of  these  two  observations! 

or  0.000003  mgm.  per  kilogram  of  body  weight  per  minute.  This  is 
only  ^  of  the  average  output  in  normal  cats,  as  estimated  by  rabbit 
segments  m  drawn  blood. 


Fig,  7.  Intestine  trcacings.  Bloods  from  cat  109.  At  1  Ringer's  solution  was 
replaced  by  indifferent  blood  and  this  at  ^  by  the  second  adrenal  blood  speci- 
men. Both  bloods  were  diluted  with  three  volumes  Ringer.  At  S  Ringer's 
was  replaced  by  the  indifferent  blood  (diluted  with  three  volumes  Ringer),  and 
this  at  4  by  the  indifferent  blood  made  up  with  adrenalin  to  a  concentration  of 
1 :  35,000,000,  the  mixture  being  then  diluted  with  three  volumes  Ringer  before 
application  t©  the  segment.    (Reduced  to  two-thirds.) 


Fig.  8.  Intestine  tracings.  Bloods  from  cat  109.  At  5  Ringer's  solution  was 
replaced  by  the  indifferent  blood,  and  this  at  6  by  the  second  adrenal  blood 
sample.  At  7  Ringer  was  replaced  by  the  indifferent  blood,  and  this  at  8  by 
the  indifferent  blood  made  up  with  adrenalin  to  a  concentration  of  1:  115,000,000. 
All  the  bloods  were  undiluted.    (Reduced  to  two-thirds.) 
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The  eye  reactions  were  negative  even  for  a  six-minute  collection  of  the 
adrenal  vein  blood  although  a  reaction  was  obtained  when  as  little  as 
0  0002  mgm.  adrenalin  was  injected.  It  can  be  calculated  from  these 
data  that  the  output  per  kUogram  of  body  weight  per  mmute  could 
not  have  been  of  the  average  output  in  normal  cats,  as  determmed 
by  the  eye  reactions. 


..Mi 


It 

■  'll  11,11  *  I  s 


Fig.  9.  Intestine  tracings.  Bloods  from  cat  109.  At  15  Ringer's  solution  was 
replaced  by  the  indifferent  blood,  and  this  at  16  by  the  second  adrenal  blood 
sample.  At  17  Ringer  was  replaced  by  the  indifferent  blood,  and  this  at  18 
by  the  indifferent  blood  to  which  adrenalin  had  been  added.to  make  up  1 :  85,000,- 
000.  All  the  bloods  were  undiluted.  The  weight  was  less  than  in  figure  8. 
(Reduced  to  two-thirds.) 


Cat  107.  Condensed  protocol.  Female.  Weight  1.82  kgm.  Right  adrenal 
excised  and  nerves  of  left  cut,  July  6. 

August  2.    Excised  left  superior  cervical  ganglion. 


WEIGHT 

'                 PERCBNTAOB  OF  BIjOOD-BUGAR 

Preliminary 
specimen 

Fright 

Asphyxia 

kgm. 

July  17  

1.5 

0.075 

0.247 

August  6  

1.275 

0.086 

0.078 

0.160 
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August  9.  Weight  1.27  kgm.  Under  urethane  (3  grams)  cava  pocket  formed 
with  all  arteries  tied.  Positive  pupil  reactions  were  obtained  on  collecting 
adrenal  vein  blood  in  the  cava  pocket  and  then  releasing  it,  but  there  was  no 
movement  of  the  nictitating  membrane.  The  following  samples  of  adrenal  blood 
were  collected. 

First  sample,  1.1  grams  in  1  minute,  blood  flow  1.1  grams  per  minute. 
Second  sample,  3.8  grams  in  5  minutes,  blood  flow  0.8  gram  per  minute. 
Third  sample,  3.3  grams  in  7  minutes,  blood  flow  0.47  gram  per  minute. 
IndifTerent  blood  was  obtained  from  the  abdominal  aorta. 
Right  adrenal  weighed  0.168  gram  and  contained  0.23  mgm.  epinephrin. 
Left  adrenal  weighed  0.152  gram  and  contained  somewhat  more  than  0.12 
mgm.  epinephrin. 

Figure  10,  in  which  a  few  of  the  tracings  of  the  epinephrin  assay  are 
reproduced,  shows  that  even  the  third  adrenal  specimen,  in  spite  of  the 
relatively  small  flow  of  blood  during  its  collection,  had  scarcely  1 : 35,- 
000,000  epinephrin  and  much  less  than  1 :  17,000,000.  The  epinephrin 
output  was  therefore  less  than  0.000015  mgm..,  i.e.,  about  0.00001  mgm. 
per  kilogram  of  body  weight  per  minute.  This  is  not  more  than  ^ 
of  the  average  output  of  normal  cats  per  kilogram.  It  is  only  because 
of  the  slow  blood  flow  that  the  concentration  is  even  as  great  as 
1:35,000,000. 

Cat  91.  Condensed  protocol.  Female.  Weight,  2.23  kgm.  Right  adrenal 
excised  and  nerves  of  left  cut,  May  9. 

May  29.    Weight  2.00  kgm.,  dextrose  in  blood,  0.105  per  cent. 
May  29.    Excised  left  superior  cervical  ganglion. 

June  20.  Weight,  1.95  kgm.  Tied  on  board  3  minutes,  blood-sugar,  0.108 
per  cent.    Still  tied  on  board  12  minutes,  blood-sugar,  0.108  per  cent. 


WEIGHT 

PEBCENTAGE  OF  BLOOD-SUGAR 

Preliminary 
specimen 

Light  ether 

Asphyxia 

kgm. 

June  21  

2.0 

0.092 

0.98 

July  2  

2.145 

0.077 

0.10 

July  7  

2.05 

0.116 

0.321 

July  9.  Weight  2.065  kgm.  Under  urethane  (4  grams)  cava  pocket  formed 
with  all  arteries  tied. 

4.23  p.m.   Pocket  experiment,  2  minutes:  sUght  pupil  reaction  in  9  seconds. 
4.25  p.m.    Pocket  experiment,  2  minutes:  slight  pupil  reaction  in  11.6  seconds. 
4.28  p.m.    Pocket  experiment,  4  minutes:  small  pupil  and  nictitating  reaction 
in  10  seconds. 

4.35  p.m.   0.5  cc.  adrenalin,  1:  1,000,000  injected:  good  pupil,  slight  nictitat- 
ing in  9.2  seconds. 
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4.40  p.m.   0.5  cc.  adrenalin,  1:2,000,000  injected:  small  pupil  in  12.2  seconds 

(like  observation  at  4.28). 
4.45  p.m.   Pocket  experiment,  4  minutes;  pupil  reaction  in  8.2  seconds,  greater 

than  at  4.40,  more  like  that  at  4.35. 
4.48  p.m.   0.5  cc.  adrenalin,  1:  1,000,000:  slight  pupil  reaction  in  12.4  seconds 
4.57  p.m.   Pocket  experiment,  2  minutes:  small  pupil  reaction  in  8.6  seconds 
5.00  p.m.   0.5  cc.  adrenalin,  1:  1,000,000  injected;  good  pupil  reaction  in  10.8 

seconds  (larger  than  in  observation  at  4.57). 
5.07  p.m.   Pocket  experiment,  3  minutes;  pupil  reaction  nearly  the  same  as  that 
in  observations  at  5.00. 
A  number  of  additional  observations  on  the  eye  reactions  with  adrenalin  in- 
jection, and  adrenal  vein  blood  released  from  the  pocket  were  made.    Then  the 
following  specimens  of  adrenal  blood  were  drawn  through  a  cannula  in  the  cava 
and  tested  on  rabbit  intestine  and  uterus  segments. 

First  specimen,  1.1  grams  in  2  minutes,  blood  flow,  0.55  gram  per  minute. 
Second  specimen,  2.5  grams  in  15  minutes,  blood  flow  0.17  gram  per  minute. 
Third  specimen,  1.8  grams  in  23  minutes,  blood  flow  0.08  gram  per  minute. 
The  blood  flowed  very  slowly. 

Right  adrenal  weighed  0.232  gram  and  contained  0.26  mgm.  epinephrin. 
Left  adrenal  weighed  0.265  gram  and  contained  somewhat  more  than  0.16 
mgm.  epinephrin. 

In  figures  11  and  12  are  reproduced  some  of  the  tracings  of  the  epi- 
nephrin assay.  It  gave  much  the  greatest  concentrations  of  epinephrin 
in  the  adrenal  vein  seen  in  the  series  of  cats  whose  adrenal  innervation 
had  been  interfered  with.  The  second  adrenal  specimen  had  a  con- 
centration of  epinephrin  about  equal  to  1: 1,500,000  (fig.  11).  It  was 
distinctly  greater  than  1 : 2,000,000.  In  the  third  specimen  the  con- 
centration was  greater  than  1 : 800,000,  and  less  than  1 : 500,000  (fig. 
12).  The  blood  had  an  unusually  high  proportion  of  plasma,  not  far 
from  90  per  cent,  and  the  flow  during  collection  was  very  small.  For 
both  reasons  the  concentration  is  high.  We  have  stated  elsewhere  (3), 
(6)  that  a  concentration  of  m.ore  than  1: 1,000,000  is  unusual  in  cats' 
adrenal  vein  blood,  but  the  proportion  in  serum  can  be  considerably 
higher  since  the  erythrocytes  contain  pr;actically  no  epinephrin.  The 
output  of  epinephrin  calculated  for  the  second  adrenal  specimen  was 
0.0001  mgm.  per  minute  for  the  animal  and  0.00005  mgm.  per  kilogram 
per  minute,  or  about  i  of  the  normal  output  in  the  cat  as  determined 
on  drawn  blood  by  rabbits'  intestine  segments.  Taking  the  concen- 
tration in  the  third  specimen  at  1 : 650,000,  we  get  0.00012  mgm.  per 
minute,  or  0.00006  mgm.  per  kilogram  of  body  weight  per  minute. 

The  eye  reactions  gave  about  0.00015  mgm.  per  minute,  or  0.00007 
mgm.  per  kilogram  of  body  weight  per  minute  as  the  output,  i.e.,  about 
I  or  iV  of  the  normal  as  determined  by  the  eye  tests. 
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It  is  commonly  stated  that  in  the  rabbit  the  left  splanchnic  is  much 
more  important  than  the  right  for  the  production  of  some  of  the  ex- 
perimental hyperglycemias.  Although  there  is  no  reason  to  believe 
that  such  a  difference  exists  in  the  cat,  the  left  adrenal  was  removed 
in  one  of  the  animals  (cat  121)  and  the  nerves  of  the  right  adrenal,  in- 
cluding of  course  the  right  splanchnic,  cut.  The  results  differed  in  no 
way  from  those  obtained  on  the  other  cats. 

Cat  121.  Condensed  protocol.  Female.  Weight,  1.975  kgm.  Left  adrenal 
excised  and  nerves  of  right  cut,  July  31. 

August  13.  Weight,  1.71  kgm.  Preliminary  blood  specimen,  0.111  per  cent 
dextrose.   Asphyxia,  0.163  per  cent  dextrose. 

August  16.    Excised  left  superior  cervical  ganglion. 

August  24.  Weight,  1.70  kgm.  Under  urethane  (3  grams)  cava  pocket 
formed,  with  all  arteries  tied. 

11.35  a.m.    Pocket  experiment,  3|  minutes:  no  eye  reactions. 

11.40  a.m.    Pocket  experiment,  6  minutes:  no  eye  reactions. 

11.50  a.m.   0.5  cc.  adrenalin,  1:  1,150,000:  excellent  eye  reactions  in  11.8  seconds. 

0.5  cc.  adrenalin,  1:  2,300,000:  good  eye  reactions  in  17.4  seconds. 

Now  collected  the  following  specimens  of  adrenal  vein  blood: 

First  specimen,  0.8  gram  in  1  minute,  blood  flow  0.8  gram  per  minute. 

Second  specimen,  3.6  grams  in  6^  minutes,  blood  flow  0.5  gram  per  minute. 

Third  specimen,  5.2  grams  in  11  minutes,  blood  flow  0.47  gram  per  minute. 

Fourth  specimen,  2.0  grams  in  6  minutes,  blood  flow  0.33  gram  per  minute. 

During  collection  of  the  fourth  specimen,  a  clot  had  to  be  squeezed  out  of  the 
pocket. 

Right  adrenal  weighed  0.24^  gram  and  contained  0.26  mgm.  epinephrin. 
Left  adrenal  weighed  0.152  gram  and  contained  0.16  mgm.  epinephrin. 

It  was  shown  on  the  rabbit  intestine  and  uterus  segments  that  the 
third  adrenal  blood  specimen  contained  about  1 :  30,000,000  epinephrin. 
The  rate  of  blood  flow  was  approximately  0.45  cc.  per  minute.  Ac- 
cordingly the  output  of  epinephrin  per  minute  was  about  0.000015 
mgm.  per  minute  for  the  animal  or  0.00001  mgm.  per  kilogram  of  body 
weight  per  minute,  i.e.,  -aV  of  the  average  normal  output,  as  deter- 
mined on  drawn  blood  with  rabbits'  segments.  The  eye  reactions  were 
negative  even  for  a  six-minute  collection  although  0.0002  mgm.  of  adren- 
alin gave  a  reaction  which  was  more  than  minimal.  The  output  of 
epinephrin  was  therefore  not  above  0.000035  mgm.  per  minute  for  the 
animal  (about  of  the  Aormal  average),  or  0.00002  mgm.  per  kilo- 
gram of  body  weight  per  minute,  (about  of  the  normal  average),  as 
determined  by  eye  reactions. 

As  regards  the  blood-sugar  percentages,  it  will  be  seen  from  the 
protocols  that  asphyxia  and  etherization  caused  distinct  hyperglycemia 
in  the  cats  whose  epinephrin  output  had  been  abolished,  within  the 
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limits  of  detection  by  the  methods  employed  as  well  as  in  those  in 
which  a  small  residual  output  was  still  present.  If  the  results  on  these 
cats  are  compared  with  those  obtained  in  the  same  way  on  normal  cats 
(tables  4  and  5)  it  will  be  seen  that  no  essential  difference  can  be  made 
out.  The  precise  amount  of  the  hyperglycemia  has  no  particular 
significance  for  it  is  well  known  that  this  is  influenced  greatly  by  the 
nutritive  condition  of  the  anim.als,  particularly  by  the  glycogen  con- 
tent of  the  liver.  The  same  is  true  of  the  occasional  failure  to  obtain 
the  expected  hyperglycemia,  which  is  seen  in  the  normal  animals  as  well 
as  in  those  subjected  to  the  adrenal  operation.  It  is  conceivable  that 
in  the  operated  cats  the  loss  of  one  major  splanchnic,  in  addition  to 
other  sympathetic  fibers,  possibly  going  to  the  liver,  if  these  nerves 
are  at  aU  concerned  in  the  hyperglycemias  studied,  may  have  pre- 
vented the  percentage  of  dextrose  in  the  blood  from  rising  as  high  after 
asphyxia  or  etherization  as  in  the  normal  cats,  although  it  is  not  cer- 


TABLE  4 


NUMBER 
OF  CAT 

DATE 

BODY  WEIGHT 

PERCENTAGE  OF  BLOODHSUQAR 

Preliminary 
specimen 

Fright 

Asphyxia 

111  . 

112  1 

July  19* 
July  30 
August  13 
July  19* 
July  30 

kgm. 

2.4 

2.285 

2.11 

2.24 

2.015 

0.082 

O.rds 

0.097 

0.098 
0.105 

0.134 
0.225 

0.282 

*  This  was  the  date  of  the  operation. 


tain  from  the  results  that  there  is  any  decided  deficiency  in  this  respect 
in  the  former  group. 

In  table  4  are  given  some  observations  on  two  cats  in  which  a  dummy 
operation  was  performed,  as  ah-eady  mentioned,  to  imitate  as  far  as 
possible  the  nutritive  consequences  of  the  adrenal  operation,  except 
that  in  these  cats  the  adrenals  were  intact. 

In  table  5  are  displayed  the  results  of  the  blood-sugar  estimations 
on  a  series  of  normal  cats  subjected  to  the  same  procedures  as  the  cats 
which  had  undergone  the  adrenal  operations. 

From  these  results  it  seems  impossible  to  draw  any  other  conclusion 
than  that  the  hyperglycemia  associated  with  asphyxia  and  with  etheri- 
zation is  not  produced  through  the  intervention  of  epinephrin  liber- 
ated from  the  adrenal  glands,  or  at  least  that  the  liberation  of  epi- 
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TABLE  5 


PERCENTAGE  OF  DEXTBOSB  IN  BLOOD 

NTTMBER 
or  CAT 

DATE 

BODY 
WEIGHT 

Normal  or 
preliminaiy 
sample 

Friglit 

Ether 

Asphyxia 

kgm. 

f 

5 

Mn.v 

JuD6 

18 
12 

2.36 
2.065 

0.109 

0  163 

1 

Tn  n  *i 

27 

2.43 

0.096* 

0.321 

( 

Mav 

19 

3 . 065 

0.332t 

0.422-A§ 

I 

In  n  p 

16 

2.124t 

0.510-B 

0 

o 

JuilG 

1 

2.585 

O.llll 

Q 

y 

22 

2.815 

0.277 

0.226 

10 

22 

2.53 

17  { 

Juil6 

27 

2.68 

0.089" 

0.157 

.Tiilv 

18 

2.50 

0.100 

0.257 

June 

18 

2.97 

0.131 

0.17111 

21  ■ 

Julv 

3 

2.89 

0.078 

0.079 

Julv 

18 

2.865 

0.122 

0.201 

June 

18 

2.775 

0.109 

0.128 

22  - 

June 

20 

2.70 

0.115-A* 

0.161 

0.101-B 

Julv 

3 

2.525 

U.  UoU 

23 

July 

IS 

1.910 

0.081 

0.15711 

0.214 

July 

24 

o  1  in 
2.14U 

0.086 

0.104 

0.329 

26 

July 

3 

2.630 

0.095 

0.214 

July 

24 

2.445 

0.104 

0.10 

0.306 

July 

3 

2. 885 

0.079 

0.109 

27  1 

July 

21 

2.745 

0.100 

0.107 

0.201 

I 

August 

1 

2.585 

0.090 

0.079 

0.214 

30 

August 

1 

2.280 

0.071 

0.123 

*  Struggled  and  micturated  during  collection  of  normal  specimen. 

t  The  ether  was  too  concentrated  (in  jar);  artificial  respiration  had  to  be 
performed. 

t  The  animal  had  distemper  and  had  lost  weight. 

§  Blood  was  obtained  with  difficulty;  finally  the  femoral  artery  was  cut  and 
sample  A  collected  into  2  per  cent  oxalate  (without  laking),  and  B  into  water 
(well  laked). 

II  These  cats  were  kept  tied  on  the  board  during  the  period  of  frightening;  the 
others  were  placed  in  a  cage. 

Very  much  excited  during  collection  of  normal  specimen. 

•  A,  collected  immediately  after  the  animal  was  tied  on  the  board;  B,  after  it 
had  been  tied  for  eight  minutes  on  the  board. 
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nephrin  is  not  essential  to  the  production  of  the  hyperglycemia.  The 
question  whether  these  experimental  hyperglycemias  depend  upon 
nervous  influences  exerted  upon  the  liver  so  as  to  hasten  the  trans- 
formation of  glycogen  into  dextrose,  or  upon  a  more  direct  influence, 
e.g.,  through  changes  in  the  hydrogen-ion  concentration  of  the  blood 
(7)  does  not  concern  us  here.  In  one  experiment  (cat  113)  after  the 
right  adrenal  had  been  excised  and  the  nerves  of  the  left  cut,  as  in  the 
ordinary  operation,  the  right  major  splanchnic  was  also  divided  after 
an  interval  of  twenty-seven  days.  Fourteen  days  after  the  second 
operation,  the  animal  being  in  excellent  condition,  the  preliminary  blood 
sample  collected  while  the  cat  was  quiet  contained  0.089  per  cent  of 
dextrose.  A  second  sample,  taken  after  the  animal  had  been  fright- 
ened by  a  dog  for  thirty-eight  minutes,  contained  0.084  per  cent.  Urine 
passed  two  to  three  minutes  after  the  end  of  the  frightening  period 
gave  a  negative  test  for  sugar.  A  third  blood  sample  obtained  after 
fifteen  minutes  of  asphyxia,  immediately  succeeding  the  period  of 
fright,  contained  0.153  per  cent.  The  asphyxia  hyperglycemia  was 
therefore  unmistakably  produced  in  this  animal  after  section  of  both 
splanchnics.  However,  our  problem  was  merely  to  determine  whether 
those  hyperglycemias  could  or  could  not  be  produced  in  the  absence 
of  epinephrin.  If  epinephrin  is  not  necessary  for  the  marked  and 
prompt  augmentation  of  the  blood-sugar  observed  in  the  conditions 
studied,  then  the  deductions  which  have  been  drawn  as  to  the  impor- 
tance of  the  epinephrin  secretion  of  the  adrenals  in  the  mobilization  of 
sugar  can  no  longer  be  upheld. 

We  desire  to  make  it  clear  that  our  present  conclusions  concern  solely 
the  hyperglycemia  produced  by  asphyxia  and  etherization  in  cats. 
Whether  such  a  hyperglycemia  as  that  produced  by  piqtlre,  in  which 
according  to  the  best  evidence  the  nervous  system  is  essentially  con- 
cerned, can  also  be  elicited  in  the  absence  of  epinephrin  we  have  not 
as  yet  sufficient  data  to  decide.  The  hypoglycemia  described  by  cer- 
tain observers  after  adrenalectomy  was  not  seen  in  our  animals.  The 
average  for  19  "normal"  or  preliminaiy  blood  samples  from  the  con- 
trol cats  was  0.096  per  cent,  of  dextrose.  The  average  for  19  similar 
samples  from  the  cats  which  had  been  subjected  to  the  adrenal  opera- 
tion was  the  same  (0.095  per  cent.). 

SO-CALLED  EMOTIONAL  HYPERGLYCEMIA 

A  question  which  has  been  much  discussed  and  which  cannot  very 
well  be  avoided  in  work  on  the  blood-sugar,  is  the  influence  of  emotional 
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disturbances  upon  the  sugar  content.    Some  writers  (8)  have  convinced 
themselves  that  emotional  hyperglycemia  is  so  easily  produced  in  the 
ordinary  laboratory  animals  that  it  is  impossible  to  obtain  "normal" 
sugar  percentages  unless  great  precautions  are  adopted  to  prevent  ex- 
citement.   Others  (9)  have  found  it  difficult  to  convince  themselves 
that  a  real  emotional  hyperglycemia  exists.    We  have  no  desire  to 
enter  into  this  question  except  insofar  as  it  arises  out  of  our  own  work. 
The  frightening  experiments  were  merely  incidental,  advantage  being 
taken,  as  already  mentioned,  of  opportiuiities  afforded  by  animals 
which  were  particularly  quiet  during  the  withdrawal  of  the  prelimi- 
nary blood  specimen,  to  see  whether  any  marked  or  constant  differ- 
ence would  be  found  when  they  were  then  frightened,  usually  by  a' 
barking  dog.    Since  the  adrenals  have  been  supposed  by  some  ob- 
servers to  be  concerned  also  in  the  production  of  emotional  hyper- 
glycemia, we  made  such  experiments  not  only  on  normal  cats  but  also 
on  cats  which  had  undergone  the  adrenal  operations.    As  will  be  seen 
from  the  results  given  in  the  protocols  and  tables,  we  have  been  unable 
to  demonstrate  in  normal  animals  any  constant  increase  in  the  per- 
centage of  sugar  in  the  blood  which  could  be  considered  as  associated 
with  emotional  excitement.    Further,  our  experiments  do  not  reveal 
any  essential  difference  between  the  results  of  emotional  excitement  on 
the  blood-sugar  in  the  normal  and  in  the  operated  cats.    We  do  not 
claim  that  our  observations  disprove  the  existence  of  a  true  emotional 
hyperglycemia,  but  they  do  suggest  that  if  it  exists  it  is  a  rather  infre- 
quent phenomenon,  not  to  be  elicited  at  will,  in  cats  at  least,  as  the 
asphyxia  hyperglycemia  can  be  elicited  and  so  insignificant  in  amount 
that  very  numerous  observations  would  be  necessary  to  disentangle  it 
from  the  uncontrollable  variations  in  the  sugar  content. 

The  possibility  must  be  admitted  that  different  species  of  animals,  perhaps 
different  mdividuals  of  the  same  species,  may  vary  in  their  susceptibility  to 
emotional  excitement  in  this  regard.  If  this  were  so,  man  might  be  expected  to 
be  more  susceptible  than  lower  animals.  On  the  other  hand,  great  differences 
in  the  effects  of  such  conditions  as  asphyxia  and  ether  anesthesia  would  scarcely 
be  looked  for.  However  this  may  be,  a  survey  of  the  data  in  the  literature  as 
well  as  our  own  data,  indicates  that  there  is  a  fundamental  distinction  between 
a  phyxial  and  post-anesthetic  hyperglycemias,  which  are  well  established  and 
easily  verifiable,  and  "emotional  hyperglycemia,"  the  existence  of  wMch^s 
a  ser  ed  by  some  authors  on  the  basis  of  small  and  inconstant  differencls  in  the 

V  rLtionTf  TT'  T\  r''"^  ^^'^^'^^^  -^hin  the  lim^Tts  of 

variation  of  the  normal.   As  regards  any  relation  between  the  epinephrin  dis 
charge  and  emotional  hyperglycemia,  even  granting  the  existeLe'ofthe  latt; 
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our  experiments  seem  to  show  that  there  is  no  such  association.  The  so-called 
"Fesselungs"  glycosuria  and  hyperglycemia  perhaps  stand  on  a  different  foot- 
ing from  emotional  glycosuria  and  hyperglycemia;  for  there  are  several  factors 
besides  the  emotional  one  which  might  possibly  affect  the  blood-sugar  con- 
tent of  an  animal  tied  down  in  an  abnormal  position  and  struggling  to  free  itself. 
Such  data  as  have  been  incidentally  accumulated  by  us  on  this  point  seem  to  in- 
dicate a  real  increase  in  the  percentage  of  blood-sugar  when  the  animal  has 
been  kept  for  some  time  on  the  board,  whether  or  not  it  has  been  purposely 
"frightened."  However,  we  do  not  desire  to  lay  stress  on  these  observations, 
since  where  the  maximum  changes  in  the  sugar  content  are  small  large  numbers 
of  experiments  would  be  necessary  to  reach  a  safe  conclusion.  The  three  cats 
included  in  table  6  had  only  recently  come  to  the  laboratory.  If  this  cir- 
cumstance had  anything  to  do  with  the  result,  we  should  be  inclined  to  find  the 
explanation  rather  in  their  nutritive  condition  than  in  greater  susceptibility  to 
excitement  on  account  of  the  strangeness  of  their  surroundings.    For  cats  which 


TABLE  6 


NUMBER 
OF  CAT 

DATE 

TIME  ON 
BOARD 

DEXTROSE 

REMARKS 

23  1 

June  19 

minutes 
3 
20 

per  cent 
0.178 
0.216 

Cried  during  puncture  of  vein 
Cried  during  puncture  of  vein 

24  1 

June  19 

8 
22 

0.079 
0.135 

Excited 
Excited 

25  1 

June  19 

3 
13 

0.131 
0.164 

Excited 
Excited 

were  to  all  appearance  much  more  strongly  excited,  but  were  not  kept  tied  down, 
showed  no  definite  increase  in  the  blood-sugar. 

Observations  on  animals  which  were  frightened  while  tied  on  the  board  are 
given  elsewhere  in  the  paper  (table  5).  Where  we  wished  to  study  the  effect  of 
emotional  excitement  alone,  the  animals  were  set  free  after  the  preliminary 
specimen  of  blood  had  been  obtained,  and  were  frightened  in  a  cage. 

IS  THE  OUTPUT  OF  EPINEPHRIN  INCREASED  IN  NORMAL  ANIMALS  BY 
CONDITIONS  WHICH  CAUSE  OR  HAVE  BEEN  SUPPOSED  TO  CAUSE 
HYPERGLYCEMIA? 

K  the  hyperglycemias  studied  do  not  depend  upon  epinephrin,  tlie 
attempts  which  have  been  made  to  show  that  the  conditions  associated 
with  the  increased  blood-sugar  content  also  are  associated  with  in- 
creased output  of  epinephrin  would,  even  if  they  were  successful,  have 
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no  bearing  upon  the  mechanism  or  significance  of  the  hyperglycemias  in 
question.  Even  if  it  were  demonstrated  that  asphyxia,  etc.,  caused  a 
marked  .increase  in  the  epinephrin  output,  this  could  not  be  used  as  an 
argument  in  favor  of  the  theory  that  it  is  a  function  of  the  adrenals  to 
aid  in  the  mobilization  of  sugar,  once  it  was  shown  that  this  mobiliza- 
tion could  occur  all  the  same  in  the  absence  of  epinephrin.  We  have, 
however,  failed  to  demonstrate  any  definite  increase  in  the  output  of 
epinephrin  either  through  asphyxia  or  through  stimulation  of  sensory 
nerves  (10). 

As  for  emotional  disturbance,  no  method  of  satisfactorily  testing 
the  question  has  occurred  to  us.  General  anesthesia,  of  course,  cannot 
be  employed  and  the  collection  of  the  unmixed  adrenal  vein  blood  is 
therefore  impracticable.  The  method  adopted  by  Cannon  and  de  la 
Paz  could  at  most  yield  information  as  to  the  concentration  of  epineph- 
rin in  the  inferior  cava  blood.  They  do  not  seem  to  have  made  any 
assay  of  the  concentration  in  their  published  work;  but  the  concentra- 
tion alone,  unless  the  amount  of  blood  passing  the  point  of  collection  in 
a  given  time  is  known,  does  not  permit  the  rate  of  liberation  of  epi- 
nephrin to  be  calculated.  Nevertheless,  in  order  to  have  first-hand  ex- 
perience of  the  method  we  repeated  the  observations  of  Camion  and 
de  la  Paz  in  three  cats,  imitating  in  every  particular  their  procedure, 
except  that  the  blood  specimens  were  tested  on  rabbits'  intestine  and 
uterus  segments  instead  of  cats'  intestine  strips.  Cannon  and  Hoskins 
in  their  work  on  asphyxia  and  sensory  stimulation  used  rabbits'  intes- 
tine segments  for  the  tests,  and  state  that  they  are  not  inferior  to  cats' 
intestine  strips. 

In  testing  the  bloods  we  did  not  empty  the  cylinder  when  replacing  one  liquid 
by  another,  as  apparently  Cannon  and  his  associates  do,  for  this  produces  a 
distortion  of  the  curve  at  the  critical  point  owing  to  the  weight  of  the  segment 
coming  on  the  lever  when  the  cylinder  is  emptied,  and  coming  off  the  lever 
when  the  new  liquid  is  introduced.  A  further  objection  to  this  method  is  that 
a  segment  which  has  been  immersed  in  a  liquid  of  given  temperature  satu- 
rated with  oxygen  is  suddenly  exposed  to  air,  and  then  again  suddenly  im- 
mersed in  another  liquid.  This  can  hardly  be  done  without  altering  the  tem- 
perature and  oxygenation  of  the  segment,  and  artificial  effects  includihg  inhi- 
bition may  sometimes  be  produced  in  this  way.  As  in  all  our  previous  work,  the 
contents  of  the  cylinder  were  changed  by  displacement  from  below  up,  the  new 
liquid,  previously  well  oxygenated,  being  run  in  gently  from  a  pipette  drawn 
out  to  a  fine  point,  and  the  old  liquid  overflowing  into  the  bath.  The  pointed 
end  of  the  pipette  is  bent  at  about  a  right  angle  so  that  it  is  easily  introduced 
to  the  bottom  of  the  cylinder  without  disturbing  the  preparation.  The  same 
quantity  of  liquid  is  always  introduced  when  comparative  observations  are 
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being  made,  the  pipette  being  filled  to  a  mark.  The  amount  of  admixture  with 
the  hquid  which  18  being  displaced  is  small  and  approximately  constant;  and  all 
that  is  necessary  to  eliminate  any  error  due  to  admixture,  and  to  make  the 
liquid  m  the  cylinder  precisely  the  same  as  that  in  the  stock  from  which  it  is 
taken,  is  to  run  in  a  sufficient  excess  of  the  liquid  beyond  the  amount  corre- 
sponding to  the  capacity  of  the  cylinder.  The  curve  is  unaffected  by  the  chang- 
ing of  the  liquid  in  the  cylinder  except  insofar  as  it  produces  a  physiological 
alteration  in  the  segment.  Unless  the  point  at  which  the  change  is  made  is 
marked  on  the  tracing,  it  would  be  impossible  to  identify  it.  If  it  is  desired  to 
change  the  liquid  by  drawing  off  the  contents  of  the  cylinder,  which  would  be 
advantageous  when  it  is  necessary  to  save  them,  this  should  be  managed  so  that 
the  new  liquid  enters  the  cylinder  at  the  same  rate  as  that  at  which  the  old 
liquid  is  withdrawn. 

Cat  SB.  Condensed  protocol.  Female.  Weight,  2.475  kgm.  The  cat  was 
secured  on  a  comfortable  holder  of  the  same  kind  as  that  used  by  Cannon  for 
his  work  with  the  Roentgen  rays  on  the  movements  of  the  alimentary  canal. 
Under  local  anesthesia  with  ethyl  chloride,  the  left  femoral  vein  was  exposed. 
A  flexible  catheter  oiled  inside  and  outside  was  introduced  with  its  opening  at  a 
level  5  to  6  mm.  anterior  to  the  orifices  of  the  adrenal  veins.  The  level  of  the 
catheter  was  verified  at  the  end  of  the  experiment.  While  it  could  not  be  said 
that  the  animal  showed  no  discomfort,  the  degree  of  disturbance  diiring  the 
"quiet"  period  was  no  doubt  much  less  than  when  the  cat  was  frightened  by  a 
barking  dog.  Specimens  of  blood  were  obtained  through  the  catheter  with  the 
aid  of  an  aspirator,  as  follows: 

1.  While  the  cat  was  quiet. 

2.  After  H  minutes  excitement  by  the  dog. 

3.  After  3  minutes  excitement  by  thfe  dog. 

4.  After  13  minutes  excitement  by  the  dog.    The  cat  micturated. 

5.  After  15  minutes  rest  while  the  animal  was  fairly  quiet. 

The  sixth  catheter  specimen  was  obtained  with  the  catheter  inserted  so  that 
its  orifice  was  about  8  cm.  below  the  adrenals.  This  specimen  was  taken  fifteen 
minutes  after  the  fifth  catheter  specimen.  A  sample  of  blood  was  then  obtained 
from  the  femoral  vein  through  a  cannula,  and  another  sample  from  the  carotid 
artery.  The  bloods  were  defibrinated  and  tested  on  rabbit  intestine  and  uterus 
segments.    Combined  weight  of  adrenals,  0.38  gram. 

Figures  13  to  15  show  some  of  the  tracings.  Those  in  figure  13  afford 
no  evidence  that  blood  collected  at  the  level  of  the  adrenals  during 
excitement  caused  any  inhibition  of  the  rabbit  intestine  segment  when 
it  displaced  blood  collected  at  the  same  level  with  the  animal  quiet. 
The  bloods  were  tried  both  undiluted  (observation  2)  and  diluted  with 
Ringer's  solution  (observation  27).  In  figure  14,  blood  from  the 
same  level  obtained  after  a  period  of  great  excitement,  during  which 
the  animal  micturated,  was  caused  to  displace  blood  obtained  while  the 
animal  was  quiet  (observation  8).  Instead  of  inhibition  there  was  a 
further  increase  of  tone.    This  was  not  due  to  the  so-called  "sthenic" 
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effect  of  a  small  concentration  of  epi- 
nephrin,  for  a  similar  increase  of  tone 
was  seen  when  the  "quiet"  speciro.en 
replaced  the  "excited"  specimen  (ob- 
servation 10).  In  figure  15,  blood 
collected  during  excitement  from  the 
adrenal  level  produced  also  some  in- 
crease of  tone  instead  of  inhibition 
when  it  replaced  indifferent  venous 
blood  from  the  lower  part  of  the  inferior 
cava  (observation  48).  The  effect  was 
not  essentially  different  from  that 
caused  by  blood  collected  from  the  ad- 
renal level  after  a  period  of  quiet  when 
it  replaced  blood  previously  drawn  dur- 
ing excitement  (observation  46).  The 
result  of  this  experiment,  then,  was 
negative,  the  adrenal  vein  blood,  which 
doubtless  contained  epinephrin,  being 
too  much  diluted  by  the  general  mass 
of  epinephria-free  blood  in  the  cava  to 
yield  reactions  with  the  intestine  seg- 
ments (10),  (11),  (12). 

It  is  surprising  how  little  account  has 
been  taken  by  many  writers  on  this  sub- 
ject of  the  great  dilution  which  any  epineph- 
rin liberated  from  the  adrenals  must  undergo 
before  it  reaches  the  systemic  capillaries 
and  veins,  apart  from  loss  due  to  its  oxida- 
tion or  removal.  A  little  reflection  on  this 
point  would  have  made  the  concentrations 
of  epinephrin  sometimes  alleged  to  have 
been  found  iji  venous  blood  incredible,  be- 
cause they  would  involve  incredible  con- 
centrations in  the  blood  leaving  the  adre- 
nals. In  a  quite  recent  paper,  e.g.,  Herring 
(13)  quotes  A.  Fraenkel  (14)  and  Broking 
and  Trendelenburg  (15)  as  having  shown 
that  in  Graves'  disease  the  epinephrin  con- 
tent of  the  blood  obtained  from  an  arm  vein 
is  increased,  as  compared  with  the  normal 
blood.   Now  Fraenkel  reports  that  he  found 


Fig.  13.  Intestine  tracings. 
Bloods  collected  by  catheter 
from  cat  25.  At  1  Ringer's  solu- 
tion was  replaced  by  the  first 
catheter  specimen,  from  the  level 
of  the  adrenals,  collected  while, 
the  cat  was  quiet,  and  this  at  2 
was  replaced  by  the  second  cathe- 
ter specimen  collected  at  the 
same  level  after  one  and  one- 
half  minutes  of  excitement. 
Both  bloods  were  undiluted. 
At  26  Ringer  was  replaced  by  the 
first  catheter  specimen  (quiet) 
and  this  at  £7  by  the  third  cathe- 
ter specimen,  collected  after 
three  minutes  of  excitement. 
Both  bloods  were  diluted  with 
four  volumes  Ringer.  (Reduced 
to  two-thirds.) 


Fig.  14.  Intestine  tracings.  Bloods  from  same  cat  used  in  figure  13.  At  7 
■Ringer's  solution  was  replaced  by  the  first  catheter  specimen  (quiet),  and  this 
at  8  by  the  fourth  catheter  specimen  collected  at  the  adrenal  level  after  thirteen 
minutes  of  great  excitement.  At  9  Ringer  was  replaced  by  the  fourth  catheter 
specimen,  and  this  at  10  by  the  first  catheter  specimen.  (Reduced  to  two- 
thirds.) 


FW.  15.  Intestine  tracings.  Bloods  from  same  cat  as  m  figures  13  aad  14. 
At  45  Ringer  was  replaced  by  the  fourth  catheter  specimen  (excitement)  and  this 
at  46  by  the  fifth  catheter  specimen  (collected  without  excitement).  At  47 
Ringer  was  replaced  by  blood  from  the  lower  part  of  the  inferior  vena  cava 
and  this  at  48  by  catheter  blood  collected  at  the  adrenal  level  after  ten  minutes 
excitement.    (Reduced  to  two-thirds.) 
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in  a  case  of  Graves'  disease  a  concentration  of  1 :  400,000  in  the  venous  blood. 
How  can  a  statement  of  this  sort,  which  according  to  the  best  available  evi- 
dence would  imply  a  concentration  in  the  adrenal  vein  blood  of  probably  at 
least  1 :  1000  or  1 :  2000  be  seriously  accepted?  In  cats  under  experimental 
conditions  which  are  widely  believed  to  increase  the  output  of  epinephrin, 
a  concentration  of  more  than  1:  1,000,000  is  rarely  seen  in  the  blood  coming 
from  the  adrenals.  In  this  connection  it  must  be  remembered  that  although 
some  of  the  blood  which  pasfees  through  the  adrenal  cortex  may  come  into 
relation  with  the  cells  of  the  medulla  before  issuing  from  the  gland,  it  will 
be  safe  to  assume  that  the  amount  of  blood  which  can  have  effective  inter- 
change with  the  medulla  is  only  a  fraction  of  the  total  adrenal  blood  flow.  The 
concentration  of  epinephrin  in  the  blood  of  the  medullary  sinusoids  must  there- 
fore be  higher,  perhaps  much  higher,  than  that  in  the  blood  of  the  adrenal  veins. 
Trendelenburg  (16)  has  since  come  to  the  conclusion  that  the  method  of  Laewen 
(frog  perfusion),  as  he  applied  it  in  his  earlier  work,  is  unreliable  because  of  the 
rapid  development  of  pressor  substances  in  shed  blood,  and  he  does  not  now  be- 
lieve that  the  arterial  blood  (in  rabbits)  can  contain  even  1:  1,000,000,000  or 
1:2,000,000,000  epinephrin.  Fraenkel  states  that  he  was  able  to  detect  epi- 
nephrin (1:20,000,000  or  more)  in  all  specimens  of  normal  human  blood! 
Fraenkel's  data  are  absolutely  worthless,  as  he  ignored  the  fact  that  it  was  the 
sertim  and  not  epinephrin  in  it,  which  produced  the  effects  on  the  rabbit  uterus 
segments,  which  he  relied  upon  for  estimating  epinephrin.  When  rabbit  intes- 
tine segments  were  employed  to  check  the  results  obtained  on  uterus  segments, 
no  epinephrin  was  detected  in  the  venous  blood  either  of  normal  men  (17)  or 
of  patients  suffering  from  various  diseases,  including  Graves'  disease  (18). 

The  result  of  the  other  two  experiments  on  emotional  excitement 
(cats  4  and  5)  was  the  same  as  in  the  first  experiment. 

Cat  4.  Condensed  protocol.  Female.  Weight,  2.0  kgm.  The  procedure 
was  the  same  in  cat  25.   Bloods  were  obtained  from  a  catheter  as  follows: 

1.  From  adrenal  level  while  cat  was  quiet. 

2.  From  adrenal  level  after  ten  minutes  of  intense  excitement  (by  dog). 

3.  With  orifice  of  catheter  withdrawn  7  to  8  cm.,  in  lower  part  of  cava. 
Then  obtained  blood  from  the  femoral  artery  through  a  cannula.    As  in  the 

other  experiments,  the  catheter  was  removed,  cleaned  and  again  oiled  before 
collection  of  each  specimen. 

In  this  experiment  some  of  the  blood  tests  on  the  intestine  segments 
were  carried  out  in  the  usual  way.  Figure  16  shows  that  the  "excited" 
blood  did  not  cause  any  definite  inhibition  when  it  replaced  "quiet" 
blood.  For  the  sake  of  comparison,  in  other  tests,  the  cylinder  was 
emptied  when  a  change  of  liquid  was  made  (fig.  17).  The  apparent  in- 
crease of  tone  in  the  segment  at  9  is  partly  due  to  the  mechanical  effect 
of  its  weight  coming  on  the  lever  when  the  Ringer's  solution  was  re- 
moved.   The  same  is  true  of  the  rise  of  the  curve  at  11,  when  the 
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II  quiet"  blood  was  withdrawn.  The  drop  in  the  curve  at  12  when  the 
"excited"  blood  was  introduced  is  Hkewise  a  purely  mechanical  effect 
due  to  floating  up  of  the  segment.  There  is  no  inhibition.  At  13  the 
blood  was  removed  and  the  weight  of  the  segment  carried  up  the  writ- 
mg  pomt.  The  drop  at  I4,  when  Ringer's  solution  was  introduced 
mto  the  cyUnder,  is  quite  decided,  since  not  only  was  the  segment 
floated  up  (mechanical  effect),  but  the  increase  of  tone  was  removed  by 
the  washing  out  of  the  blood  by  the  Ringer's  solution.  There  is  no 
possibility  of  confounding  the  drop  at  12  with  a  genuine  inhibition,  at 
least  when  the  record  begins  with  the  segment  initially  beating  in 
Ringer's  solution,  and  not  after  blood  has  been  applied  to  it,  for  the 
curve  just  regains  the  level  it  started  with  aX  11.  kt  I4  also  there  is 
no  inhibition,  the  segment  coming  back  to  the  same  length  which  it  had 
before  9. 

The  third  experiment,  on  a  female  cat,  was  performed  precisely  like 
that  on  cat  4  and  yielded  a  similar  result. 

SUMMARY 

1.  The  relation  of  the  epinephrin  secretion  of  the  adrenals  to  experi- 
mental hyperglycemias  can  be  investigated  under  much  better  condi- 
tions in  animals  whose  epinephrin  output  has  been  abolished  or  greatly 
reduced  by  removal  of  one  adrenal  and  section  of  the  nerves  of  the 
other,  than  in  animals  deprived  of  both  adrenals.  For  in  the  first  case 
the  animals,  after  recovery  from  the  operation,  remain  indefinitely  in 
good  health,  whereas  after  total  adrenalectomy  observations  on  the 
blood-sugar  are  complicated  by  the  fact  that  they  must  be  made:  a, 
practically  on  dying  animals  (unless  survivors  in  species  where  acces- 
sory adrenals  are  common  are  employed)  and  h,  on  animals  suffering 
from  the  immediate  effects  of  a  major  operation  and  anesthetization. 

2.  The  hyperglycemia  associated  with  asphyxia  and  ether  anesthesia 
is  obtained  in  cats  which  have  undergone  the  adrenal  operation  de- 
scribed, even  when  no  detectable  residual  liberation  of  epinephrin  is 
present.  No  essential  difference  could  be  made  out  in  this  regard  be- 
tween these  animals  and  control  normal  cats. 

3.  Accordingly,  the  mobilization  of  sugar,  of  which  these  experimental 
hyperglycemias  are  the  expression,  is  not  mediated  through  the  epi- 
nephrin secretion  of  the  adrenals. 

4.  Such  observations  as  we  have  made  on  the  effect  of  fright  do  not 
support  the  view  that  so-called  emotional  hyperglycemia  is  a  constant 
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Fig.  16.  Intestine  tracings.  Bloods  from  cat  4.  At  h  Ringer's  solution  was 
replaced  by  the  first  catheter  specimen  obtained  from  the  adrenal  level  while 
the  cat  was  quiet.  At  5,  this  was  replaced  by  the  second  catheter  specimen  from 
the  same  level  after  the  cat  had  been  excited  for  ten  minutes.  (Reduced  to 
one-half. ) 


•\  \  jo 


Fig.  17.  Intestine  tracings.  Bloods  from  the  same  cat  used  for  figure  16. 
At  9  the  Ringer's  solution  was  removed  from  the  cylinder;  at  10  the  first  cathe- 
ter specimen  of  blood  (quiet)  was  introduced;  at  ii  the  blood  was  removed; 
at  IB  the  second  catheter  specimen  (excitement)  was  introduced;  at  IS  the  blood 
was  removed;  at  14  Ringer's  solution  was  introduced;  at  IS,  the  Ringer's  solu- 
tion in  the  cylinder  was  displaced  by  the  introduction  of  Ringer's  solution 
from  a  fine  pipette,  with  its  orifice  at  the  bottom  of  the  cylinder.  (Reduced  to 
one-half.) 
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or  even  a  common  phenomenon  in  cats.  If  it  exists,  it  does  not  de- 
pend upon  an  increase  in  the  epinephrin  liberated  from  the  adrenals. 
For  a,  no  essential  difference  could  be  detected  between  the  results  of 
emotional  disturbance  on  the  blood-sugar  content  in  the  cats  whose 
epinephrin  output  had  been  interfered  with,  and  in  the  control  normal 
cats;  b,  no  evidence  was  obtained  that  em.otional  disturbance  increases 
the  output  of  epinephrin  in  normal  cats. 
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It  has  been  shown  by  Morse  (1)  and  confirmed  by  us  (2)  that 
artificially  iodized  blood  serum  (lodalbin,  Parke,  Davis  and 
Company),  when  fed  to  tadpoles,  causes  acceleration  of  met- 
amorphosis similar  to  the  effects  of  feeding  with  desiccated 
thyroid,  although  not  as  rapidly  nor  as  marked,  in  comparison 
with  the  amounts  of  iodine  present.  We  have  attempted  to 
determine  whether  such  activity  can  be  demonstrated  after  arti- 
ficial iodization  of  the  component  protein  fractions  of  blood 
serum  obtained  by  the  crude  albumen-globulin  separation 
resulting  from  salting  the  serum  with  ammonium  sulphate, 
and  also  if  proteins  other  than  those  represented  by  blood  serum 
showed  this  activity  when  iodized.  In  addition,  we  have  in- 
vestigated whether  such  activity  can  be  increased  by  concentra- 
tion of  the  products,  by  the  method  of  alkaline  hydrolysis  emt- 
ployed  by  Kendall  (3)  in  concentrating  the  active  principle  of 
the  thyroid. 

Employing  the  method  described  by  Kurajeff  (4)  we  have 
artificially  iodized  whole  ox  serum,  ox  serum  globulin  (obtained 
by  half-saturation  of  the  serum  with  ammonium  sulphate), 
•  ox  serum  albumen  (obtained  by  saturating  the  filtrate  of  the 
globulin  with  ammonium  sulphate),  Merk's  egg  albumen  and 
egg  white  (obtained  from  fresh  eggs).  We  also  used  commercial 
iodized  blood  protein  (lodalbin)  and  lodocasein  (Mulford). 
From  all  of  these  iodized  proteins  we  also  prepared  products 
"A"  (Kendall)  by  alkaline  hydrolysis. 
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The  iodine  contents  of  these  preparations  are  given  in  table 

I.  The  artificially  iodized  proteins  and  their  products  ''A" 
show  ^^dde  variations  in  their  iodine  contents.  No  particular 
significance  is  attached  to  these  differences,  since  no  attempt 
was  made  to  completely  remove  the  free  iodine. 

The  plan  of  feeding  was  the  same  as  described  in  our  previous 
work,  in  which  the  tadpole  reaction  was  employed.  All  ex- 
periments were  carried  out  in  duphcate.  The  tadpoles  re- 
ceived Uver  every  other  day  and  a  dose  of  the  substance  to  be 
tested  on  the  alternating  days.  The  tap  water  in  the  dishes 
was  changed  twice  daily. 

Each  of  the  iodized  proteins  was  offered  in  doses  of  1,  2  and 
5  mgm.  and  their  products  ''A"  in  doses  of  0.5,  1  and  2  mgm. 

Product  ''A"  of  fat-free  hog  thyroid  was  fed  to  one  set  of 
tadpoles  and  the  activity  observed  for  comparison  with  the 
other  preparations.  This  product,  as  well  as  the  desiccated 
thyroid  from  which  it  was  obtained,  had  been  used  in  our  pre- 
vious investigations  and  our  familiarity  with  its  activity  led 
us  to  employ  it  for  comparison  with  these  sjabstances. 

Two  series  were  studied,  one  on  young  tadpoles  (started  May 
28  and  about  twelve  days  old)  and  another  on  older  ones  (start- 
ed June  20  and  about  twenty-five  days  old).  We  have  pre- 
viously pointed  out  that  the  most  rehable  results  are  obtained 
with  older  tadpoles  (2  and  5).  The  results  obtained  are  given 
in  condensed  form  in  table  1.  Our  chief  desire  in  the  present 
investigations  being  to  ascertain  whether  any  of  the  prepara- 
tions demonstrate  a  distinct  action,  we  have  made  no  attempt 
to  determine  their  quantitative  activities,  and  the  results  in 
the  table  represent  the  composite  activity  of  all  doses  adminis- 
tered.   Very  marked  activity  is  indicated  by  I,  marked  activity 

II,  moderate  III,  weak  IV,  very  weak  V,  doubtful  VI,  and  nor- 
mal growth  (as  shown  by  the  controls)  VII. 

A  striking  difference  between  the  iodized  proteins  and  thyroid 
was  indicated  from  the  results  obtained  by  feeding  their  prod- 
ucts "A"  to  tadpoles.  Alkaline  hydrolysis  of  the  thyi-oid 
always  concentrates  the  active  iodine  yielding  the  very  active 
product  "A"  while  with  the  iodized  proteins  it  is  apparent  that 
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the  process  of  hydrolysis  disrupted  the  active  iodine  combina- 
tion, so  that  the  resulting  product  ''A"  gave  practically  no 
effect.  This  leads  to  the  conclusion  that  the  iodine  complex 
in  thyroid,  being  in  a  much  more  stable  combination,  is  not 
identical  with  that  of  the  iodized  proteins.  The  very  sHght 
activity,  observed  in  a  few  instances,  of  the  products  ''A"  can 
be  explained  by  the  fact  that  the  crude  process  of  hydrolysis 
may  have  been  more  or  less  incomplete  with  some  of  the  prep- 
arations, and  the  separation  of  the  product  "A"  from  the  iodized 


TABLE  1 


IODIZED  PBOTEIK 

IODINE 
CONTENT 

ACTIVITY 
SERIES  1 

ACTIVITY 
SERIES  2 

IODINE  CON- 
TENT OP 
PRODUCT 

"a" 

ACTIVITY  OP 
PRODUCT 

"A" 
SERIES  1 

ACTIVITY  OP 
PRODUCT 

"a" 

SERIES  2 

per  cent 

per  cent 

Iodized  ox  serum  .... 

11.69 

III-IV 

II-III 

6.15 

IV 

V-VI 

Iodized  ox  globulin . . 

20.3 

II-III 

I-II 

20.3 

VI 

VI 

Iodized  ox  albumen. . 

20.3 

III-IV 

III 

17.53 

V-VI 

VI 

lodalbin  (Parke, 

Davis  &  Co.)* 

21.5 

IV 

IV 

6.15 

V 

V-VI 

lodocasein  (Mul- 

ford)  

18.0 

IV 

III-IV 

6.76 

V 

V-VI 

Iodized  egg  albumen 

(xMerk)  

12.3 

V 

IV-V 

12.92 

VI 

V-VI 

Iodized  fresh  egg 

white  

11.69 

V 

III-IV 

14.15 

VI 

V-VI 

Fat  free  hog  thyroid. 

0.21 

1.02 

I 

I 

Controls  

VII 

VII 

VII 

VII 

*  Activity  was  distinctly  lower  than  a  specimen  used  in  another  series  of 
experiments. 


protein  also  being  crude,  the  product  may  contain  a  small 
quantity  of  the  material  from  which  it  is  derived,  which  is  still 
unchanged. 

The  iodized  egg  protem  caused  a  very  little  effect,  that  pre- 
pared from  fresh  egg  white  being  somewhat  more  active  than 
the  preparation  made  from  commercial  egg  albumen  (Merk's). 

Casein  being  an  isolated  protein,  it  is  of  interest  to  note  that 
when  iodized  (lodocasein)  it  is  capable  of  showing  activity  on 
tadpoles.  This  is  in  harmony  with  the  accepted  ^dew  that  the 
active  iodine  complex  of  the  thyroid  is  in  combination  with 
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tyrosine  or  tryptophane,  casein  being  relatively  rich  in  both  these 
amino  acids  (tyrosine  4.5  per  cent  and  tryptophane  1.5  per 
cent),  to  which  its  activity  when  iodized  may  be  due.  In  this 
regard  it  is  interesting  to  note  that  egg  albumen  is  relatively 
poorer  in  tyrosine  (1.1  per  cent)  than  either  casein,  serum- 
albumen  (2.1  per  cent),  or  serum-globulin  (2.5  per  cent). 

In  these  experiments,  we  found  lodalbin  to  show  distinct 
activity,  but  iriuch  less  than  another  specimen  of  lodalbin 
showed  in  another  set  of  experiments.  This  product  showed 
distinctly  less  activity  on  the  tadpoles  than  the  iodized  blood 
proteins  prepared  by  us,  while  the  specimen  used  in  our  other 
set  of  experiments  was  fully  as  active.  This  can  possibly  be 
explained  on  the  supposition,  that  different  specimens  of  blood 
vary  in  their  contents  of  the  necessary  nucleus  with  which  the 
iodine  must  combine. 

It  appears  from  the  results  obtained  by  us  with  the  tadpole 
reaction,  that  this  nucleus  is  most  abundant  in  the  globulin 
fraction  of  the  blood  serum.  It  ^dll  be  seen  that  the  greatest 
activity  displayed  by  any  of  the  artificially  iodized  proteins 
was  shown  by  the  serum  globulin.  The  albumen  fraction  was 
somewhat  less  active  than  the  whole  serum.  Allowing  for  tlie 
crudeness  of  the  separation,  the  indications  are  that  the  globu- 
lin fraction  represents  most  of  the  activity  represented  by  iodiz- 
ed blood  serum.  The  fact  that  different  sera  when  iodized 
show  differences  in  activities  also  indicates  that  the  amount  of 
the  necessary  nucleus  present  varies  in  the  different  bloods. 

The  striking  activity  exhibited  by  the  iodized  ox  serum  globu- 
lin is  a  very  interesting  observation,  in  as  much  as  the  active 
iodine  of  the  thyroid  is  known  to  be  in  combination  with  the 
thyroid  globulin.  It  is  indeed  possible  that  in  the  animal 
organism,  iodine  is  carried  to  the  thyroid  in  combination  with 
the  serum  globuhn  and  is  then  converted  into  the  thyroid  hor- 
mone by  further  action  contributed  by  something  (probably 
an  enzyme)  in  the  thyroid.  The  probabihty  of  this  hypothesis 
is  strengthened  by  the  fact  that  no  activity  can  be  elicited  from 
hyperplastic  thyroids  or  their  concentrated  product  ''A"  when 
artificially  iodized  (2)  and  also  by  the  fact  that  alkaline  hy- 
drolysis destroys  the  activity  of  iodized  serum  globulin,  therein 
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differing  from  the  activity  of  the  thyroid,  which  may  indicate 
that  the  globuHn  of  the  blood  contains  the  necessary  nucleus 
(amino  acid  groups)  with  which  the  iodine  must  combine,  and 
the  thyroid  supplies  the  activating  substance  (enzyme?)  both 
of  which  must  come  into  contact  with  each  other  to  complete 
the  stable  iodine  combination  or  hormone  which  is  active  in 
the  thyroid  and  is  concentrated  by  alkaline  hydrolysis.  More 
information  on  this  point  might  be  revealed  by  investigating 
the  activity  of  iodized  sera  obtained  from  goiterous  animals 
and  from  thyroidectomized  animals,  which'  we  had  hoped  to 
study  in  the  near  future,  but  owing  to  the  fact  that  one  of  us 
(Dr.  Marine)  has  been  assigned  to  military  duty,  the  progress 
of-  this  investigation  has  been  interrupted  and  we  have  deemed 
it  advisable  to  report  the  results  obtained  by  us  up  to  the 
present. 

SUMMARY 

1.  Artificially  iodized  blood  serum  (ox)  causes  acceleration 
of  metamorphosis  when  fed  to  tadpoles,  resembling  that  shown 
by  thyroid,  but  not  so  marked  nor  so  rapid. 

2.  It  is  possible  to  show  by  crude  process  of  separation  that 
the  globulin  fraction  of  the  serum  contains  most  of  the  substance 
with  which  the  iodine  combines  to  give  the  activity  on  tadpoles. 

3.  Alkahne  hydrolysis  of  iodized  proteins  apparently  destroys 
their  activity,  therein  differing  from  thyroid.  This  suggests 
that  the  thyroid  adds  something  to  the  iodine  complex  in  the 
blood  to  complete  the  stable  iodine  containing  thyroid  hormone. 
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